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AIR    COMPRESSOR    AFTER    THE    EDISON    FIRE. 


A  SPECIAL  AIR  COMPRESSOR  IN  THE 
EDISON  FIRE 

The  photo  here  presented  constitutes  an  un- 
usually interesting  souvenir  of  the  fire  which 
recently  destroyed  the  works  of  the  Edison 
Company  (Thomas  A.  Edison,  Inc.),  at  Or- 
ange, N.  J.  Although  the  destruction  of  the 
works  was  quite  complete  and  the  heat  of  the 
fire  intense,  as  evidenced  by  the  complete 
wreckage  of  the  electric  motor  which  drove 
the  compressor — note  the  condition  of  the  mo- 
tor pulley — the  compressor  was  scarcely  in- 
jured at  all. 

This    machine    was    installed    in    the    Edison 


works  less  than  two  years  ago,  and  it  per- 
formed an  important  function  in  the  manu- 
facture of  the  Edison  phonograph  record  cyl- 
inders. For  such  work  as  this  it  might  have 
been  expected  that  the  machine  would  be  re- 
quired to  be  specially  adapted  to  satisfy  the  pe- 
culiar conditions  of  working;  and  such  was 
the   fact. 

The  machine  is  an  Imperial,  belt  driven 
(short  belt  drive)  duplex,  single-stage  com- 
pressor with  air  cylinders  15  inches  diameter 
by  16  inches  stroke,  and  technically  designated 
by  the  builders,  the  Ingersoll-Rand  Company, 
as   i5-in.xi6-in..  Type  XB-I. 


746o 


COMPRESSED  AIR  MAGAZINE. 


The  intake  of  the  compressor,  however,  was 
not  from  the  atmosphere,  as  is  indicated  at 
once  by  the  two  large  pipes  leading  off  to  the 
right  from  the  compressing  cylinders.  The 
actual  working  pressure  required  in  this  case 
was  about  95  lb.  gage,  and  all  the  work  was 
done  with  a  fall  of  pressure  of  only  about  10 
lb.,  the  air  at  the  surviving  pressure  being  con- 
nected back  to  the  machine,  and  it  therefore 
was  only  required  to  re-compress  the  air  from 
80  lb.  to  100  lb.,  and  so  allow  it  to  be  used 
over  and  over  again. 

This  arrangement  suggested  high  economy 
to  begin  with,  since  to  have  continually  com- 
pressed fresh  air  from  the  atmosphere,  deliv- 
ering it  at  100  lb.,  would  have  required  a 
compressor  of  five  or  six  times  the  volumetric 
capacity,  with  two  stage  compression,  inter- 
cooling  and  all  that,  with  more  than  a  pro- 
portional aggregate  of  power  consumption. 
The  using  of  the  same  air  continuously  also 
gave  control  of  its  condition  as  to  humidity 
and  temperature,  which  in  this  case  was  of 
great  importance. 

The  imperative  problem  of  controlling  the 
volume  of  the  compression  under  the  varying 
conditions  of  the  service,  and  with  the  motor 
nmning  at  constant  speed  was  one  of  unusual 
complexity,  but  which  was  satisfactorily  solved 
by  the  compressor  builders.  The  air  as  com- 
pressed could  not  be  used  at  a  perfectly  uni- 
form rate,  nor  could  it  be  returned  with  con- 
stant flow,  the  fluctuations  of  the  two  also  not 
being  always  coincident.  The  arrangement 
adopted,  which  cannot  be  described  in  detail 
here,  comprised  an  automatic  unloader  at  the 
discharge  with  a  run-around  or  by-pass  to 
the  intake.  On  account  of  the  high  pressure 
at  the  intake  the  cylinder  and  appurtenances 
were  required  to  be  stronger  than  for  free  air 
service.  It  will  be  seen  that  in  various  ways 
this  is  no  ordinary  compressor.  Mr.  Edison 
has  set  many  inventive  and  constructive  tasks 
for  others  besides  those  which  he  has  set  him- 
self   to    solve. 


Franklin  S.  Lane,  Secretary  of  the  Interior, 
estimates  thai  over  $10,000,000  worth  of  na- 
tural gas  has  been  conserved  the  past  year  at 
an  expenditure  of  but  about  $10,000.  For  the 
coming  year  an  effort  will  be  made  to  save 
$150,000,000  worth  of  gas  and  oil  by  an  ?ip- 
propriation  of  $25,000. 


THE  ELECTRIC-AIR  COAL  MINE 

BY  CHARLES   C.    PHELPS. 

Reviewing  the  history  of  coal  mining  from 
the  time  when  mechanical  methods  of  mining 
began  to  supersede  hand  work,  we  find  that 
for  a  long  time  machinery  operated  by  com- 
pressed air  practically  monopolized  the  field. 
In  recent  years,  however,  with  electric  energy 
at  hand  in  many  mines  for  such  purposes  as 
lighting,  ventilating,  pumping,  hauling  and 
hoisting,  it  was  only  natural  that  the  attempt 
should  have  been  made  to  design  coal-cutting 
machinery  to  be  driven  by  the  same  power. 

Comparing  electrically  and  pneumatically 
operated  coal-cutting  machinery,  considerations 
of  safety  are  on  the  side  of  the  pneumatic  ma- 
chines. Electric  feeder  wires  leading  to  a  cut- 
ting machine  are  an  ever-present  source  of 
danger  to  the  workmen,  especially  in  view  of 
the  darkness  and  cramped  positions  in  which 
the  miners  often  have  to  work. 

The  danger  of  igniting  mine  gases  is  proba- 
bly greatest  near  the  freshly  opened  faces  for 
two  reasons :  First,  because  of  the  insufficient 
ventilation  often  found  in  such  locations,  and 
second,  due  to  the  fact  that  the  opening  cuts 
frequently  liberate  pockets  of  gas.  Pneumatic 
machines  tend  to  eliminate  the  hazard  from 
gas  at  the  face  by  the  added  ventilation  furn- 
ished by  the  exhaust  air. 

It  is  a  well  known  fact  that  no  type  of  ma- 
chinery excels  air-operated  coal-mining  ma- 
chines in  ruggedness  of  design  and  general  re- 
liability. The  nature  of  the  pneumatic  action 
insures  a  cushioned  blow  which  protects  the 
machine  to  a  large  extent  against  injury.  The 
pneumatic  mechanism  is  simpler  than  the  elec- 
trical, and  consequently  is  better  suited  for 
rough  and  ready  use  in  coal  mines  where 
operating  conditions  are  never  too   favorable. 

In  order  to  utilize  and  secure  the  advantages 
of  air  power  in  mines  already  electrically 
equipped,  additional  air  lines  and  compressors 
have  to  be  provided.  At  present  those  mines 
which  are  using  electrical  mining  machinery 
have  found  it  profitable  or  expedient  to  do 
without  the  inherent  advantages  of  pneumatic 
methods  in  order  to  secure  those  other  advan- 
tages which  can  be  obtained  from  the  electrical 
power.  It  must  be  confessed  that  this  proce- 
dure is  a  compromise  rather  than  a  solution. 

A    I'K.\(TICAL    SOLUTION    FOR    THE    ELECTRIC    MINE 

The  logical  course  to  pursue  in  the  electri- 
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callv  eq.iipped  coal  mine  is  to  find  a  means  of 
securing  the  benefits  of  compressed-air  ma- 
chinery while  at  the  same  time  utilizing  all  oi 
the  advantages  of  the  electric  system  of  dis- 
tribution. This  end  is  best  attained  by  install 
ing  electrically  operated  air  compressors  in 
convenient  places  in  various  parts  of  the  mine 
What  is  a  convenient  location  today  will  be 
come  an  inconvenient  one  in  a  week  or  a 
month,  as  the  mining  progresses  from  room  to 
room.  Consequently  in  an  ideal  system  of 
power  conversion  for  a  coal  mine,  these  local 
air  plants  should  be  portable  units. 

As  a  result  of  these  conditions,  which  are 
peculiar  to  the  electrified  coal  mine,  operators 
have  been  calling  for  a  practical  electricall} 
operated  portable  compressor  plant.  This  de 
mand  has  been  met,  and  in  Fig.  i  is  illustrated 
an  efficient  compressor  of  this  type. 

The  truck  is  built  for  any  gage  of  track  and 
can  be  run  into  any  entry  that  will  accommo 
date  a  mine  car.  The  compressor  may  be 
placed  in  any  convenient  location  in  one  of 
the  main  entries  and  connected  to  the  c.itting 
machines  in  one  or  more  rooms  by  means  of 
suitable  hose. 

These  portable  outfits  are  designed  in  every 
way  to  meet  mine  conditions.  They  are  built 
for  either  direct  or  alternating  current,  and 
for  any  of  the  voltages  commonly  employed  in 
coal   mines.     The   compressor   is    suitable    for 


pressures   of    from   50  to    100   lb.,   as   desired. 

The  herringbone-gear  drive  is  completely  in- 
closed and  runs  in  a  bath  of  oil.  The  com- 
pressor proper  is  also  of  inclosed  construction, 
and  has  a  hopper  type  of  water  jacket,  which 
is  open  to  the  atmosphere  at  the  top.  This 
type  of  jacket  requires  refilling  but  once  a  day, 
which  is  an  advantage  in  a  coal  mine,  where 
clean  water  is  usually  scarce  and  where  the 
best  attention  is  not  to  be  expected.  The  lat- 
ter idea  was  kept  in  mind  in  adopting  the  vari- 
ous features  of  design. 

The  lubrication  is  automatic.  An  inlet  un- 
loader  maintains  a  constant  air  pressure  in  the 
receiver,  which  is  mounted  on  the  truck  beside 
the  compressor.  The  valves  are  of  the  new 
Ingersoll-Rogler  type,  which  is  a  complete  de- 
parture from  previous  compressor  practice. 
These  valves  combine  lightness,  toughness, 
small  spring  tension  and  large  free  area,  from 
which  follow  a  high  efficiency,  great  durability 
and  remarkable  q  lictness  of  operation. 

An  additional  element  of  economy  with  the 
portable  type  of  compressor  is  found  in  the 
fact  that  the  air  is  used  in  its  heated  condi- 
tion, obtaining  the  advantages  of  a  reheater 
without  actually  employing  this  device.  Of 
course,  the  full  benefit  of  this  heat  is  obtained 
only  when  using  short  air-feed  lines,  as  the 
chilling  of  the  air  in  passing  through  a  long 
pipe  is  rapid. 
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THE  ECONOMY  OF  THE  EQUIPMENT 

One  of  the  first  questions  that  the  mine  op- 
erator will  ask  is :  "Are  these  portable  outfits 
economical  ?" 

Taking  the  case  of  a  coal  mine  already 
equipped  with  electricity  and  desiring  to  oper- 
ate a  given  number  of  pneumatic  coal-mining 
machines,  and  comparing  the  two  methods  of 
air  supply ;  i.  e.,  from  a  motor-driven  central 
air  plant  on  the  surface  and  from  a  number  of 
small  portable  air  compressors  underground, 
the  actual  power  consumption  would  undoubt- 
edly be  but  little  greater  with  the  latter  system, 
provided  it  were  properly  planned,  assuming 
that  both  systems  employed  modern  and  effi- 
cient  equipment. 

The  reasons  for  this  are  apparent.  Although 
the  motor  and  compressor  efficiencies  of  the 
central  plant  would  be  higher  than  the  com- 
bined efficiency  of  several  small  units,  it  must 
be  borne  in  mind  that  the  recent  improvements 


embodied  in  the  latter  have  given  them  a  very 
fair  efficiency.  This  difference  in  efficiency  is 
largely  compensated  by  the  smaller  leakage 
losses,  lower  pressure  drops  and  reduced  heat 
dissipation  in  transmitting  the  air  over  the 
shorter   distances   to   the   cutting  machines. 

It  must  be  emphasized  that  the  above  discus- 
sion applies  only  to  mines  already  equipped 
with  electrical  power.  Of  course,  these  porta- 
ble equipments  would  not  be  advocated  for 
use  in  a  mine  not  electrified,  for  it  would  un- 
doubtedly be  much  more  economical  to  com- 
press the  air  in  a  steam-driven  compressor,  us- 
ing slack  coal  as  fuel,  and  pipe  it  throughout 
the  mine  rather  than  to  construct  an  electric 
plant  exclusively  for  driving  such  portable 
units. 

Other  advantages  of  the  portable  type  of  air 
compressor  for  the  electrified  mine  are  the  fa- 
cility with  which  the  machine  may  be  moved 
about  from  place  to  place  in  minimum  of  time, 
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permitting  air  to  be  supplied  to  any  room 
where  needed  without  delay.  Moreover,  these 
equipments  may  be  purchased  only  as  needed, 
there  being  no  necessity  for  maintaining  a  ca- 
pacity in  excess  of  the  actual  needs  of  the 
operation. 

Now  comes  the  question  of  the  work  capac- 
ity of  these  portable  outfits.  The  following  ta- 
ble gives   the   essential   details   concerning  the 


various  sizes  of  portable  mine  compressors  al- 
ready in  use,  as  well  as  an  approximate  idea  of 
the  number  of  pneumatic  coal-mining  ma- 
chines of  different  types  that  they  will  operate. 
The  power  cost  will,  as  a  matter  of  fact,  figure 
out  more  favorably  in  actual  practice  in  view 
of  the  fact  that  the  service  will  always  be  in- 
termittent rather  than  continuous. 

An  approximate  idea  of  the  capacity  of  these 


PRINCIPAL  DIMENSIONS  OF  PORTABLE  MINE  CAR  ELECTRICALLY 

DRIVEN  COMPRESSORS 


Height 

Piston 

over 

Displace  - 

Air 

Rails 

Size  of  Cylin- 

ment, 

Pressure, 

Brake 

(Width 

der,  In. 

Cu.Ft. 

Lb.  per 

Sq.fn. 

Horse- 

Dimensions 

10-In. 

Dia.    Stroke 

R.p.M. 

per  Min. 

power 

Length  Width  Wheels) 

7            6 

300 

78 

90-100 

12-12 

5   7:. 

4'0" 

3'  2" 

8            6 

300 

102 

50-60 

12-18 

1' 

4/(y/ 

3'  2" 

9            8 

250 

145 

90-100 

23-24 

8' 3" 

4' 8" 

3'  10" 

10            8 

250 

179 

50-60 

22.5-24. 

5     8'  3" 

4' 8" 

3'  10" 

12           10 

235 

304 

90-100 

51-53 

9'  4" 

5' 8" 

4' 4" 

14           10 

235 

415 

50-60 

52-56 

9' 4" 

5'S" 

4' 4" 
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plants  may  be  gained  from  the  fact  that  the 
larger  sizes  can  operate  3  coal  punchers  or  i 
"radialaxe"  machine,  6  to  8  jackhamers  or 
from  8  to  12  "crown"  coal  picks. 

The  medium  sizes  will  take  care  of  one  coal 
puncher,  2  to  4  jackhamers  and  3  to  6  "crown" 
coal  picks.  The  smaller  sizes  will  furnish  air 
to  I  or  2  jackhamers  or  2  or  3  "crown"  coal 
picks. — Coal  Age. 


In  its  natural  state  wood  contains  no  sugar, 
but  when  sawdust  has  been  subjected  in  close 
retorts  to  digestion  with  a  weak  sulphurous 
acid  solution  under  pressure  of  six  to  seven  at- 
mospheres, a  very  remarkable  transmutation 
takes  place,  as  much  as  25  per  cent,  of  the  ma- 
terial being  converted  into  sugar.  In  this  there 
is  a  valuable  feeding  stuff  for  horses,  cattle 
and  sheep. 


Numerous  advantages  over  pipes  of  other 
materials  are  claimed  for  the  asphalt-paper 
pipes  that  are  being  introduced  in  Austria. 
The  makers  assert  they  can  replace  iron,  steel, 
copper  and  clay  piping  for  all  purposes  except 
the  conveyance  of  hot  fluids,  concentrated 
acids,  and  petroleum.  The  pipes  are  made 
from  a  special  kind  of  asphalt  paper  of  Ger- 
man manufacture. 


The  Yale  "Bowl"  has  a  playing  arena  300  by 
500  feet,  outside  dimensions  750  by  950  feet, 
a  seating  capacity  of  61,000  and  no  standing 
room.  The  dimensions  of  the  Colosseum  at 
Rome  were :  arena,  177  by  281  feet,  seating  ca- 
pacity, 50,000.  The  dimensions  of  the  structure 
at  Pompeii,  which  the  Bowl  most  nearly  re- 
sembles, were,  115  by  218  feet  and  342  by  444 
feet,  seating  capacity,  20,000. 
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RECORDS  OF  OPERATION  IN  HANDLING 
CONCRETE  WITH  COMPRESSED  AIR 

The  following  is  an  abstract  of  a  considera- 
bly longer  article  in  a  recent  issue  of  Con- 
crete-Cement Age.  The  topic  treated  is  not 
new,  but  the  details  of  operations  are  inter- 
esting and  valuable.  The  information  embod- 
ied was  furnished  by  H.  B.  Kirkland,  Presi- 
dent of  the  Concrete  Mixing  and  Placing 
Company,  Chicago. 

At  present  there  are  a  great  number  of 
plants,  working  at  different  localities  all  over 
the  country,  successfully  placing  concrete 
through  pipes  with  compressed  air.  This 
method  is  now  well  established  on  a  commer- 
cial basis,  there  having  been  in  operation  for 
the  last  three  years  machines  which  handle  ag- 
gregate of  large  size  and  mix  and  place  con- 
crete at  the  rate  of  from  15  cu.  yds.  to  40  cu. 
yds.  per  hr. 

The  use  of  a  pipe  line  takes  the  place  of  all 
the  men  used  to  haul,  hoist  and  transport  con- 
crete, and  eliminates  the  necessity  of  such 
plant  as  towers,  runways,  dinkey  engines, 
track,  trestle,  cars  and  other  plant  ordinarily 
required  for  conveying  concrete. 

Tests  on  concrete  made  in  this  manner  show 
results  that  are  at  least  as  high  as  concrete 
made  in  the  ordinary  manner. 


DESCRIPTION    OF     PNEUMATIC     MIXER     AND     CON- 
VEYER. 

The  mixer,  shown  in  Fig.  i,  consists  essen- 
tially of  an  inverted  boiler  plate  cone,  stand- 
ing vertically,  having  an  air-tight  door  at  the 
top  for  the  admission  of  materials,  with  a  cast 
steel  elbow  at  the  bottom  through  which  the 
concrete  is  discharged  to  the  conveyer  pipe. 
The  door  is  operated  by  a  small  pneumatic 
piston,  and  nozzles  are  provided  for  the  ad- 
mission of  air  into  the  top  of  the  cone  and 
into  the  elbow  at  the  bottom  of  the  mixer. 

An  8-in.  pipe  of  No.  lo-ga.  metal  or  an  8-in. 
well  casing  is  ordinarily  used  for  conveying 
the  concrete.  A  heavy  steel  pipe  may  be  eco- 
nomical where  large  quantities  of  concrete  are 
to  be  placed  without  any  changes  in  moving 
of  the  pipe  line.  The  facility  with  which  the 
delivery  pipe  can  be  carried  under,  over,  or 
around  obstructions  which  would  make  wheel- 
ing difficult  is  one  of  the  important  advantages 
of  the  system. 

METHOD    OF    OPERATION. 

The  operation  of  the  mixer  is  very  simple. 
The  sand,  stone,  cement  and  water  in  the 
proper  proportions  are  fed  into  the  mixer 
through  the  hopper  and  the  door  is  closed  by 
the  small  air  cylinder  shown.  The  compressed 
air  is  then   turned  on,   entering  the  mixer  at 
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two  points,  one  above  the  charge,  and  one  at 
the  heel  of  the  elbow.  The  batch  is  forced 
through  the  pipe  to  the  forms,  it  being  mixed 
as  it  leaves  the  mixer  and  in  the  first  few  feet 
of  pipe.  The  concrete  is  thus  mixed  with  the 
same  air  which  is  used  to  convey  it  through 
the  pipe.  In  this  way  the  concrete  is  mixed 
and  placed  without  labor  and  with  no  other 
equipment  than  pipe  for  transporting  the  con- 
crete. Within  10  sec.  after  water  has  been 
added  to  the  cement,  the  concrete  is  in  the 
forms  at  rest.     It  is  all  done  in  one  operation. 

The  amount  of  air  required  for  operating 
the  machine  depends  upon  the  length  of  the 
delivery  pipe.  This  will  vary  also  with  the 
number  of  turns  in  the  pipe  line,  with  the  kind 
of  material  used  for  aggregate  and  with  the 
vertical  distance  involved  in  the  delivery.  It 
is  demonstrated,  however,  that  for  general 
purposes  of  calculation,  the  amount  of  air  will 
not  exceed  i  cu.  ft.  of  free  air  compressed  to 
80  lbs.  pressure  for  each  lin.  ft.  of  8-in.  deliv- 
ery pipe  for  each  batch  of  concrete. 

An  air  storage  tank  is  usually  placed  close 
to  the  machine,  the  capacity  of  this  tank  being 
large  enough  to  store  sufficient  air  at  80  lbs. 
pressure  to  discharge  one  load,  which  means  i 
cu.  ft.  of  space  for  each  6'  of  pipe  line.  For 
general  concreting  work  a  compressor  of  600 
cu.  ft.  per  min.  capacity  is  said  to  be  the  best 
size,  although  a  300-cu.  ft.  machine  would  be 
large  enough  to  use  with  a  ^-yd.  mixer  and 
300  ft.  of  pipe. 

When  the  proper  size  of  stone  is  used,  there 
is  little  likelihood  of  clogging  occurring,  pro- 
vided the  machine  is  not  operated  with  an  air 
pressure  very  much  below  the  80  lbs.  required 
for  successfully  carrying  the  concrete  to  the 
full  distance. 

Wherever  it  is  desirable,  a  box  may  be  used 
to  receive  the  concrete  as  it  is  discharged  from 
the  pipe,  from  which  it  can  be  allowed  to  run 
out  by  gravity  into  the  forms. 

OUTPUT    OF    MACHINE. 

The  output  of  the  machine  is  dependent  up- 
on the  speed  of  loading.  The  mixers  are 
made  in  %-yd.  and  ^-yd.  sizes  and  the  speed 
of  loading  varies  between  60  batches  and  120 
batches  per  hr.  The  provision  of  overhead 
bins  makes  possible  the  higher  rates  of  loading 
which  would  give  the  Y^-yd.  machine  a  ca- 
pacity of  30  cu.  yds,  per  hr.,  and  the  J^-yd.  ma- 
chine 60  cu.  yds. 


AIM'LK  ATION    IN    GENEK.VL. 

Work  in  which  the  pneumatic  method  had 
airead}^  been  used  to  advantage  comprises 
bridge  construction,  tunnel  lining,  retaining 
wall  construction,  heavy  foundations  and  piers, 
as  it  is  not  required  that  the  mixer  be  located 
al)()ve  the  point  of  deposit  as  is  usually  the 
CISC  with  plants  distributing  by  gravity  sys- 
tems. That  is  to  say,  the  concrete  plant  can 
be  located  lower  than  the  place  of  deposit  and 
the  pipe  can  be  run  along  the  line  of  the  work 
at  an\'  level  with  vertical  pipes  placed  to  raise 
the  material  to  the  points  of  deposit.  This 
puts  the  concreting  equipment  entirely  out  of 
the  way  of  the  other  construction  plant  and 
makes  it  possible  to  do  concrete  work  without 
monopolizing  the   cableway   or  the   derricks. 

FOR    LINING    TUNNELS. 

The  machine  is  well  adapted  to  tunnel  lin- 
ing, as  it  enables  the  arch  to  be  placed  as  rap- 
idl}'  as  the  side  walls.  Sections  of  tunnel  25 
to  40  ft.  in  length  may  be  filled  by  entering 
the  pipe  through  the  form  at  the  top,  or  in 
large  tunnels  at  both  top  and  haunches. 

In  small  tunnels  where  the  shafts  are  great 
distances  apart  the  machine  is  taken  into  the 
tunnel  and  sunk,  by  blasting  out  a  place  for  it, 
so  that  the  top  of  the  machine  is  low  enough 
for  the  narrow  gage  cars  to  dump  into  it.  In 
this  way  a  tunnel  of  any  length  may  be  con- 
creted by  using  pipe  about  500  ft.  long  and 
moving  the  machine  back  for  each  500  ft. 
section. 

CAR    FOR    LINING    LARGE    RAILROAD    TUNNELS. 

Figs.  2  and  3  give  an  idea  of  the  equipment 
used  by  the  C.  B.  and  Q.  R.  R.  for  lining  the 
1000  ft.  Alkali  Summit  tunnel,  where  the  con- 
crete has  to  be  placed  without  disturbing  the 
traffic.  The  pneumatic  mixer  and  conveyer, 
previously  described,  is  mounted  on  a  stand- 
ard 40  ft.  flat  car,  with  material  bins,  cement 
storage,  a  water  tank  and  a  delivering  pipe 
leading  from  the  mixer  out  above  the  car. 
Both  bins  slope  toward  the  mixer  placed  in 
the  center  of  the  car,  where  they  discharge 
through   chutes   into   a  measuring  hopper. 

This  hopper  is  lifted  and  tilted  to  discharge 
into  the  mixer  by  means  of  a  cable  operated 
by  a  small  air  cylinder.  Air  to  operate  this 
cylinder  and  to  supply  a  large  receiver  oper- 
ating the  mixer  is  obtained  from  the  com- 
pressed air  main  laid  on  the  track  the  full 
length  of  the  tunnel,  connection  being  made 
to  the  car  at  any  point.     Water  also   is  sup- 
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FIG.    2. 


plied  from  a  line  paralleling  the  air  line.  The 
bms,  holding  material  enough  for  25  cu.  yd.  of 
concrete,  are  loaded  and  the  car  is  run  into 
the  tunnel  and  connected  to  the  air  line. 

The  8-in.  pipe  which  conveys  the  concrete 
from  the  mixer  to  the  tunnel  forms,  runs 
from  the  mixer  under  the  car,  up  at  the  end 
to  the  top  of  the  bins,  14  ft.  above  the  rail, 
and  thence  on  an  incline  to  a  point  24  ft.  above 
the  rail,  where  it  enters  through  a  bulkhead  of 
the  tunnel  form,  a  slot  being  left  to  shift  the 
end  of  the  pipe  slightly,  depending  upon  which 
wall  of  the  tunnel  it  is  desired  to  fill.  This  in- 
clined pipe  is  raised  and  lowered  between 
wooden  guides  by  a  cable  attached  to  an  air- 
cylinder.  The  guides  may  then  be  folded 
down  out  of  the  way,  giving  16  ft.  of  head 
room  for  braces.  Fig.  3  shows  an  end  view 
of  the  car  with  the  conveying  pipe  folded 
down  so  that  the  car  can  be  moved. 

The  mixing  and  placing  of  25  'cu.  yd.  of 
concrete  takes  i  hr.,  and  the  operating  crew 
consists  of  four  men :  One  who  operates  the 
mixei  and  all  the  valves,  one  to  carry  cement, 
one  to  untie  the  cement  bags  and  dump  the 
cement  into  the  hopper  and  one  to  operate  the 
gates  for  filling  the  measuring  hopper  with 
aggregate.  The  air  pressure  used  to  operate 
the  mixer  and  conveyor  is  80  lb.  For  retain- 
ing wall  work  the  pipe  is  usually  carried  from 
the  mixer  up  over  the  top  of  the  forms  with  a 
right  angle  at  the  end  for  discharging  directly 
down  into  the  forms. 


VARIOUS     TYPICAL     JOBS. 

One  of  the  first  tunnels  upon  which  this  ma- 
chine was  used  was  the  La  Salle  St.  tunnel, 
Chicago,  where  the  machine  was  set  up  on  the 
bank  of  the  river  and  the  pipe  extended  from 
the    machine   down    a    shaft    35    ft.    deep    and 
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then  horizontally  about  300  ft.  Later,  on  the 
O.  K.  Creek  sewer  tunnel,  Kansas  City,  the 
machine  was  placed  at  the  bottom  of  the  shaft 
and  the  materials  for  the  concrete  were 
dumped  into  the  machine  through  a  chute  froni 
the  top  of  the  shaft. 

The  Otis  Steel  Company  recently  used  a 
y4-yd.  machine  at  Cleveland,  for  placing  the 
piers  for  its  new  plant.  [This  was  described 
and  illustrated  in  Compressed  Air  Magazine, 
June,  1914.]  There  were  about  300  piers  of 
various  heights,  the  materials  totaling  about 
25,000  cu.  yd.  The  machine  was  located  at 
one  side  of  the  lot  with  its  top  flush  with  the 
ground  and  a  bin  with  a  capacity  of  80  cu.  yd 
of  crushed  slag  and  30  cu.  yd.  of  sand  was 
built  over  it.  Ample  means  for  conveying  and 
distributing  without  hand  work  were  pro- 
vided. The  necessary  air  at  (So  lb.  was  furn- 
i.shed  by  an  Ingersoll-Rrmd  electric  driven 
compressor.  The  average  daily  speed  was  one 
batch  per  min.,  or  15  cu.  yd.  per  hour. 

On  outside  mass  concrete  construction  the 
work  at  the  Ontario  Power  Company's  plant, 
Niagara  Falls,  Ontario,  Sept.,  1913,  illustrates 
a  great  economy.  On  a  portion  of  this  work 
there  were  three  separate  retaining  walls,  one 
20  ft.  below  the  level  of  the  mixer  and  about 
100  ft.  to  the  east.  The  two  other  walls  were 
at  an  elevation  of  30  feet  above  the  mixer  and 
80  ft.  to  the  east.  The  plant  required  one 
foreman  and  10  laborers  to  charge  the  mixer ; 
three  men  to  operate  it  and  one  foreman  and 
four  men  to  spread  the  concrete  in  the  forms. 
During  the  time  required  to  change  the  pipe, 
the  charging  gang  was  used  in  excavating,  so 
that  a  portion  of  their  time  was  not  chargeable 
to  the  cost  of  placing  the  concrete.  The  labor 
cost  per  hr.  was  $4.80,  and,  charging  the  actual 
time  used  in  placing  257  cu.  yds.,  the  cost 
amounted  to  $77.35,  or  30  cents  per  cu.  yd. 

One  of  the  most  important  jobs  yet  under- 
taken under  this  system  is  the  lining  of  St. 
Louis  waterworks  tunnel.  This  tunnel  is  8 
ft.  in  diameter  with  a  concrete  lining  9  in.  to 
18  in.  thick;  it  is  not  reinforced  and  is  located 
in  solid  limestone.  The  tunnel  is  about  2,900 
ft.  long  and  has  a  shaft  on  the  bank  of  the 
Mississippi  river,  which  is  about  550  ft.  from 
the  west  end  of  the  timncl  and  about  :2,200  ft. 
from  the  east  end,  which  is  under  the  Missis- 
sippi. The  land  section  of  the  tunnel  was  con- 
creted first  and  the  concreting  was  practically 
all  done  in  the  nir,nth  of  May,  1914,  doing  but 


two  arch  sections,  36  ft.  each,  in  April.  The 
grade  of  the  tunnel  from  the  shaft  west  is-j- 
6  per  cent. 

The  mixer  was  set  at  the  bottom  of  the 
shaft,  which  is  96  ft.  deep,  and  was  loaded 
from  the  top  by  dropping  the  material  for 
each  batch  through  an  8-in.  pipe  directly  into 
the  mixer.  At  the  top  the  batch  was  measured 
by  means  of  a  measuring  hopper  in  which  the 
batch  was  placed.  At  a  signal  from  the  ma- 
chine operator  below,  the  sliding  door  of  the 
hopper  was  opened,  which  allowed  the  batch 
to  drop  into  the  mixer  through  the  pipe.  Wa- 
ter was  dropped  at  the  same  time  through  a 
2-in.  pipe  which  led  to  the  mixer  and  which 
was  supplied  from  a  water  barrel  controlled 
by  the  man  operating  the  hopper  gate. 

As  soon  as  the  batch  was  dropped  into  the 
mixer  the  operator  closed  the  door  into  the 
machine  which  was  operated  by  a  small  air 
valve  and  turned  on  the  air  which  mixed  and 
discharged  the  concrete  through  an  8-in.  pipe 
into  the  forms. 

The  forms  are  36  ft.  in  length  and  the  pipe 
carrying  the  concrete  is  laid  along  the  bottom 
of  the  tunnel  to  within  20  ft.  below  the  forms 
and  then  by  means  of  two  22^  degree  el- 
bows and  one  section  of  pipe  20  ft.  long,  the 
pipe  enters  through  the  top  of  the  forms 
through  a  bulkhead.  The  section  of  pipe  18 
ft.  to  20  ft.  long  is  put  over  the  top  of  a  36-ft. 
form  and  the  concrete  is  discharged  through 
this  until  half  of  the  form  is  poured.  The 
concrete  is  discharged  back  against  the  complet- 
ed concrete  work  and  flows  around  the  form, 
assuming  the  slope  of  about  30  degrees.  When 
the  arch  is  filled  to  within  i  ft.  or  so  of  the 
end  of  the  pipe  the  end  piece  of  pipe  is  re- 
moved so  that  the  balance  of  the  form  is  filled 
by  discharging  concrete  from  the  end  of  the 
pipe  just  entering  through  the  bulkhead. 

vSand  bags  are  employed  for  bulkheads  in- 
stead of  employing  carpenters  constantly  to 
patch  up  the  irregular  places.  The  bulkhead, 
which  consists  of  a  9  in.  board  bolted  to  the 
center  and  sand  bags,  is  laid  against  the  board 
projecting  beyond  the  board  into  the  irregu- 
larities of  the  rock.  While  the  concrete  work 
is  going  on  the  bags  are  laid  by  a  man  who 
watches  the  progress  of  the  concreting.  He 
can  see  under  the  forms  and  determine  wheth- 
er or  not  the  concrete  is  filling  equally  on  both 
sides  of  the  form  and  if  it  is  not  he  can 
spring  the  pipe  over  to  one  side  or  the  other 
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to  keep  the  load  balanced.  The  concrete  is 
usually  brought  to  within  i  ft.  of  the  end  of 
the  pipe  and  then  if  desired  this  small  pocket 
may  be  filled  by  discharging  a  very  small 
batch  through  the  mixer,  or  it  may  be  filled 
by  hand  in  case  the  last  batch  has  spilled 
enough  concrete  over.  The  usual  practice, 
however,  is  to  leave  the  concrete  about  i  ft. 
from  the  pipe  and  to  move  the  forms  just  suf- 
ficiently to  take  in  this  cavity  in  the  next  pour- 
ing. 

The  Fruin-Colnon  Contracting  Co.,  St. 
Louis,  is  the  general  contractor  on  the  con- 
struction of  the  new  tunnel  and  the  intake 
tower. 


THE  NEWEST   ROCK    DRILLING    PRACTICE 

The  following  we  take  from  an  elaborate 
article  by  Mr.  F.  Lavis,  in  Engineering  News, 
Dec.  3,  1914,  describing  construction  operations 
on  the  New  York  Rapid  Transit  extensions. 

One  feature  of  considerable  interest,  is  the 
quite  extensive  use  of  the  so  called  Jap  or 
hand  hammer  drill  with  hollow  drill  steel.  The 
New  York  rock,  a  soft  to  medium  hard 
gneiss  or  mica  schist,  seems  to  lend  itself  par- 
ticularly well  to  the  operation  of  this  kind  of 
drill  in  excavations  where  most  of  the  holes 
are  down  holes.  The  type  which  is  in  most 
general  use,  is  the  IngersoU-Rand  B.C.R.  33, 
which  weighs  about  90  lb.,  using  air  at  80  to 
90  lb.  pressure.  The  hollow  drill  steel  is  usu- 
ally about  i^  in.  octagon,  the  holes  are  drilled 
dry,  the  air  through  the  steel  blowing  out 
most  of  the  dust,  therefore  keeping  the  holes 
clean  and  consequently  increasing  the  effective- 
ness of  the  machines.  These  drills  are  used 
for  drilling  holes  to  depths  up  to  12  and  14 
ft. ;  it  is  stated  that  they  require  from  50  to 
75%  less  air  at  the  same  pressure  than  the 
usual  tripod  drill  does,  and  only  one  man  is 
required  to  operate  each  of  them.  The  gen- 
eral opinion  seems  to  be  that  unskilled  labor- 
ers with  very  little  instruction  could  use  these 
drills,  though,  of  course,  in  New  York  the 
labor  unions  compel  the  employment  of  regu- 
lar  union    drill    runners. 

On  Section  14  (McMullen  &  Hoff)  four 
men  with  as  many  drills  were  averaging  from 
80  to  90  ft.  of  hole  per  man  per  day  of  eight 
hours.  There  was  one  record  of  113  ft.  for 
one  man  in  eight  hours.  It  was  considered 
advisable  to  keep  a  number  of  spare  drills  on 


hand,  so  that  in  case  anything  went  wrong, 
there  was  no  delay,  and  any  damaged  drill 
could  be  taken  to  the  shops,  where  it  could 
be  carefully  repaired  by  a  competent  machin- 
ist, even  though  the  trouble  was  very  slight. 
This  was  considered  to  be  better  than  to  have 
an  ordinary  drill  runner  try  to  fix  it  with 
the  spanner  or  sledge  hammer,  the  tools  usu- 
ally used  by  them  when  anything  is  wrong 
with  a  drill.  These  drills  were  also  used  on 
the  heavy  rock  excavation  of  Section  13,  a 
cut  30  to  50  ft.  wide  and  as  many  feet  deep, 
with    excellent    results. 

On  some  sections  a  lighter  type  of  drill 
weighing  about  40  lb.  and  using  about  50  ft. 
of  air  per  min.  is  being  used;  this  is  the 
B.C.R.  No.  430  or  so  called  Jackhamer  type, 
used  for  holes  up  to  6  and  8  ft.  in  depth  using 
%-in.  hollow  steel. 

Another  point  of  interest  is  the  almost  uni- 
versal use  of  machine  drill  sharpeners,  nearly 
all  of  which  are  of  the  Leyner  type.  This  use 
of  machine  sharpeners  is  possibly  due,  to  sorac 
extent,  to  the  use  of  the  hollow  steel  and  the 
rose-shape  form  of  bit  generaly  used  with 
these  hand  drills,  though  of  course,  it  has  been 
shown  even  with  the  old  type  of  cross  bit, 
that  where  the  number  of  drills  warranted, 
the  installation  of  a  drill  sharpener  was  an 
economy. 

It  is  stated  by  the  contractors  on  Sec.  13 
ciud  14  that  the  general  breakage  and  wastage 
of  steel  used  is  rather  greater  than  with  the 
ordinary  steel,  and,  of  course,  the  hollow  steel 
is  more  expensive,  but  it  is  thought  this  is  much 
more  than  compensated  by  the  greater  amount 
of  work  done.  The  Leyner  drill  sharpeners 
are  used  to  make  all  the  bolts  for  the  timber- 
ing on  one  section,  where  it  was  stated  that 
400  bolts  were  headed  per  hour. 

Electric  current  is  used  for  power  at  most 
of  the  compressor  plants,  and  air  is  usually 
piped  to  all  points  of  the  work  for  use  in 
drills,  pneumatic  riveters,  etc.  In  some  cases 
the  air  is  used  for  operating  hoists  and  der- 
ricks, in  other  -cases  electric  power  is  used 
directly  for  this  purpose ;  this  apparently  is 
governed  most  generally  by  the  plant  the  con- 
tractor may  have  had  on  hand,  but  the  use  of 
air  for  hoists  and  derricks,  so  long  as  it  has 
to  be  installed  in  any  event,  seems  to  be  the 
most  satisfactory  and  most  generally  used. 

REHEATING    COMPRESSED    AIR 

Various  schemes  for  heating  the  air  during 
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cold  weather  were  noted,  some  of  the  appa- 
ratus home-made  and  other  manufactured 
especially  for  the  purpose.  On  one  section 
(McMullen,  Snare  &  Triest)  an  upright  coil 
of  about  6  to  8  rings,  15  to  18  inches  in 
diameter,  was  made  in  the  air  line  near  the 
point  where  it  was  to  be  used,  and  a  fire  built 
and  maintained  inside  the  coil.  In  another 
case  a  piece  of  6-  or  8-in.  pipe  about  3  ft. 
long  was  capped  at  the  ends  to  take  the  reg- 
ular air  line  (about  2  in.)  and  a  fire  built 
under  the  larger  section.  These  home-made 
schemes  are  probably  somewhat  wasteful  of 
fuel,  but  this  amounts  to  very  little  and  they 
probably  stand  up  better  under  the  rough 
usage  they  get  on  this  kind  of  work,  than  the 
manufactued  heaters. 


RECORD  OF  ELECTRIC=A1R  DRILLS  ON 
THE  MESABI  RANGE 

For  five  months,  during  1913-14,  some  inter- 
esting drilling  was  done  at  the  Virginia  mine 
on  the  Mesabi  range,  under  the  direction  of 
J.  H.  Eby,  at  that  time  superintendent.  The 
machines  used  were  Type  5-F  Temple-Inger- 
soll  drills,  on  tripods.  It  may  be  well  to  re- 
call here  that  these  drills  employ  both  air  and 
electricity  in  their  operation,  but  not  in  the  man- 
ner of  some  other  electric  air  drills.  The  air 
is  not  used  once  and  exhausted,  but  constitutes 
the  manner  of  transmitting  the  electric  power. 
The  air  circuit  is  a  closed  one,  the  air  being 
returned  for  use  again,  excepting  that  small 
portion  that  escapes  through  leakage.  The 
drill  is  connected  to  a  separate  carriage,  hold- 
ing the  pulsator  and  motor,  by  two  lines  of 
air  hose,  acting  as  the  supply  and  return  lines. 

At  the  Virginia  mine  the  drills  were  oper- 
ated on  a  220-volt  three-phase  alternating  cur- 
rent. They  were  manned  by  a  runner,  at  $3 
per  day,  and  two  helpers  at  $2.40  per  day  each. 
All  the  holes  drilled  were  over  10  ft.  deep 
and  the  majority  over  24  ft.  deep.  Some  of 
the  holes  were  vertical  and  some  were  as  flat 
as  5  degrees  from  the  horizontal.  Incidentally, 
according  to  Mr.  Eby,  experience  proved  that 
cruciform  steel  was  best  adapted  to  the  work, 
the  great  difficulty  being  in  keeping  the  holes 
clear  of  sludge.  The  material  drilled  varied 
from  soft  hematite  to  extremely  hard  taconite. 
In  the  latter  rock,  three  hand  drillers,  two 
striking  and  one  turning,  with  an  ample  sup- 
ply  of   sharp   steel   could    drill    not   over    i    ft. 


per  hr.  Fissured  ground  was  common,  and 
the  ore  was  exceedingly  irregular,  with  hard 
seams  in  the  soft  ore.  The  softest  ground 
was  the  most  difficult  to  drill  because  of  fissur- 
ing  and  caving. 

The  following  tables  show  the  data  obtained 
from  five  months'  operation : 

TABLE   I — HOLES  DRILLED 

Number    848 

Feet 

Solid   taconite    826 

Fissured   taconite    402 

Hard   ore,    solid    2346 

Hard  ore,  fissured   518 

Soft   ore,   solid    3875 

Soft   ore,   fissured    1 130 

Total    9097 

TABLE    2 — TIME    DRILLING 

Hours 

Machines  in  place   1465 

Delays,  long  moves   39 

Power  off   140^ 

Dull   steel    1 1  ^ki 

Bad  order  of  machines  56 

Net  working  time   1218 

TABLE   3 — COSTS 

Labor    $1 183 .  75 

Repairs    25 .  00 

Power    68.10 

Total    $1276.83 

Cost  per  foot,  14c. 

The  cost  of  drilling  the  same  footage  by 
hand  on  company  account  would  have  been 
29c.  per  ft.  This  figure  was  obtained  from 
four  years'  costs  of  the  same  class  of  work 
and  covering  the  same  amount  of  each  class  of 
material,  but  not  taking  into  account  the  flat 
holes  that  could  not  be  drilled  by  hand.  These 
costs  indicate  a  saving  of  15c.  per  ft.  by  the 
use  of  this  drill.  Mr.  Eby  makes  the  inter- 
esting statement  that  it  requires  as  much  skill, 
if  not  a  little  more,  to  operate  and  properly 
handle  this  drill  as  it  does  any  other.  The 
costs  given  above  include  all  the  troubles  inci- 
dent to  securing  competent  crews  to  handle 
the  machines,  and  he  believes  that  if  operated 
regularly  as  efficiently  as  these  were  during  the 
last  month  of  work,  the  cost  per  foot  could  be 
reduced  still  further,  perhaps  to  as  low  as  11 
cents. — I2ug.  and  Min.  Journal. 
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CALIBRATING    VENTURI    METERS  FOR  AIR 
FLOW 

In  the  design  of  the  Brooklyn  Sewage  Ex- 
periment Station  under  Geo.  T.  Hammond, 
Engineer  of  Sewer  Design,  Bureau  of  Sewers, 
Brooklyn,  N.  Y.,  one  of  the  troublesome  prob- 
lems was  in  securing  a  meter  for  the  com- 
pressed-air lines.  On  account  of  the  quantity 
of  air  used  and  the  pressure,  no  form  of  avail- 
able gas  meter  was  found  to  meet  the  require- 
ments. Therefore,  special  Venturi  meters  were 
designed  jointly  by  Mr.  Hammond  and  Wal- 
lace &  Tiernan,  of  New  York  City.  Interest 
attaches  first  to  the  method  of  calibration,  and 
only  somewhat  less  to  the  details  of  the  meters. 

CALIBRATION 

The  calibration  method  is  of  unusual  inter- 
est and  wide  application.  On  account  of  the 
quantity  of  air  flowing,  it  was  impractical  to 
use  a  gasometer  for  calibrating  the  meter. 
Therefore,  a  special  multiple-orifice  box  was 
built  to  receive  and  measure  the  air  passing 
through  the  meter.  The  top  of  the  box  was  a 
metal  plate  having,  in  all,  150  orifices  of  the 
same  size  (made  with  the  same  punch)  equally 
spaced.  This  top  plate  had  a  cover  so  ar- 
ranged that  any  number  of  orifices  from  i  to 
150  might  be  left  open.  The  orifices  were  de- 
signed to  discharge  i  cu.  ft.  per  min.,  under  a 
head  of  iq  in.  water  pressure.  A  perforated 
metal  screen,  placed  diagonally  across  the  box, 
prevented  eddy  currents.  Preliminary  read- 
ings were  made  with  a  small  gasometer  to  de- 
termine the  air  flows  from  different  orifices 
(for  rating  the  calibration  box)  and  from  dif- 
ferent groups  of  orifices  to  see  if  there  was  any 
variation    because    of    location    or    number    of 


those  discharging.    It  was  found  that  the  flows 
agreed   within    H%- 

In  calibrating  a  meter,  the  box  was  connect- 
ed to  the  air  line  through  the  meter  and  a  cer- 
tain number  of  orifices  were  uncovered  on  the 
top  of  the  box,  a  stop  valve  being  opened  un- 
til the  desired  head  was  shown  on  the  box 
manometer.  Knowing  the  discharge  for  this 
number  of  orifices  and  the  corresponding  pres- 
sure, it  was  a  simple  matter  to  mark  on  the 
Venturi-manometer  scale  the  flow  correspond- 
ing to  the  height  of  liquid.  The  scale  was 
then  fully  graduated  in  cubic  feet  per  minute 
after  having  determined  several  of  these  points. 

VENTURI   METERS 

The  specifications,  according  to  which  the 
Venturis  were  made,  called  for  three  sets  of 
meters;  one  reading  from  20  to  150  cu.  ft.  per 
min.,  one  from  5  to  20  cu.  ft.,  and  a  third  from 
I  to  30 — all  operating  under  a  pressure  of 
about  40  lb.  per  sq.  in.  In  order  to  secure  the 
desired  range  with  accuracy  a  type  was  de- 
signed with  interchangeable  throats.  To  se- 
cure accuracy  through  the  range  indicated,  five 
meters  would  ordinarily  be  employed.  Such 
multiplicity  was  ingeniously  obviated  in  this 
case.  The  meters  were  assembled  in  tubes  of 
the  same  size  so  that  any  one  could  be  screwed 
into  the  body  of  an  ordinary  3-in.  check  valve 
put  in  the  air  line.  There  were  three  barrels 
complete,  with  Venturi  throats,  etc.,  for  each 
meter.  Two  of  these  three  barrels  were  of 
small  capacity  and  each  had  interchangeable 
throats,  while  the  third  was  larger  and  had  but 
one  throat. 

Air  passes  from  the  check  valve   (following 
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the  arrow  in  the  upper  left  of  the  section  of 
the  meter  shown  in  the  accompanying  draw- 
ing) along  the  meter  barrel,  through  the  throat 
and  out  through  the  air  line  again.  To  put  in 
a  larger  or  smaller  throat  giving  the  desired 
capacity,  the  barrel  cap  is  removed,  the  ap- 
proach tube  screwed  out  of  its  bushing,  and 
the  throat  approach  and  throat  taken  out. 
Without  displacing  further  parts,  the  smaller 
or  larger  throat  is  inserted.  All  parts  were 
made  of  brass  and  bronze. 

The  manometer  intended  for  use  with  these 
Venturis  was  of  special  design.  The  cross- 
section  of  the  oil  reservoir  was  made  many 
times  greater  than  that  of  the  manometer  tube, 
so  that  the  zero  point  was  practically  unaffect- 
ed through  the  range  of  the  scale.  The  upper 
end  of  the  manometer  tube,  which  was  con- 
nected to  the  Venturi  throat  chamber,  had  a 
reservoir  interposed  of  capacity  slightly  great- 
er than  that  of  the  lower  reservoir.  This  was 
done  to  prevent  blowing  any  of  the  oil  into 
the  pipe  line  by  sudden  rushes  of  air.  It  may 
be  added  that  these  meters  are  used  to  meas- 
ure compressed  air  supplied  in  experiments  on 
the  aeration  of  sewage. — Eng.  News. 


BEHAVIOR    OF    EXPLOSIVE    MIXTURES  OF 
GAS  AND  AIR*  .    . 

An  explosion  is  essentially  a  very  rapid  com- 
bustion which  ocurs  almost  simultaneously  in 
all  parts  of  a  mass  of  combustible  substance. 
The  heat  developed  by  the  combustion  raises 
the  gaseous  products  of  combustion  to  a  very 
high  temperature,  and  gives  them  the  enor- 
mous pressure  and  expansive  tendency  which 
produce  the  destructive  effects  of  explosives. 

In  order  that  combustion  shall  be  almost 
instantly  propagated  throughout  a  mass  of  ga> 
it  is  necessary  that  the  air  required  for  com- 
bustion shall  be  intimately  mixed  with  the  com- 
bustible gas,  and  in  order  to  attain  the  high 
temperature  requisite  for  explosion  the  mix- 
ture must  not  contain  a  large  quantity  of  gas 
that  takes  no  part  in  the  combustion,  for  such 
a  mass  of  inert  gas  would  exert  a  cooling  ef- 
fect. This  consideration  leads  to  the  law. 
which  is  confirmed  by  experience,  that  mix- 
tures of  combustible  gas  with  air  are  explo- 
sive only  when  the  percentage  of  combustibk- 
gas  in  the  mixture  lies  between  certain  limits. 


These    limits,    for    some    important    gases    and 
vapors,  are  given  in  the  following  table  : 

Percentage  of  Gas  in 
Explosive  Mixture. 

Gas  or  Vapor.  Upper  Limit.  Lower  Limit. 

Hydrogen    66.4  9.45 

Illuminating  gas    19.  i  7.9 

Methane    (marsh   gas)..     12.8  6.1 

Alcohol   vapor    1365  3.95 

Ether   vapor    7.7  2.75 

Benzine  vapor 4.9  2.4 

The  explosive  limits,  however,  are  dependent 
to  some  extent  upon  the  size  and  shape  of  the 
containing  vessel  and  upon  the  character  of 
the  ignition  (strong  electric  spark,  weak  spark, 
or  flame). 

It  will  be  observed  that  the  proportion  of 
combustible  gas  required  to  form  an  explo- 
sive mixture  with  air  is  very  small,  except  in 
the  case  of  hydrogen.  Explosion  may  be  caused 
by  the  presence  of  less  than  3  per  cent,  of 
ether  or  benzine  vapor  in  the  atmosphere.  In 
general,  however,  the  danger  of  explosion  is 
proportional  to  the  range  of  explosiveness,  i. 
e..  the  difference  between  the  upper  and  lower 
explosive  limits,  and  is  consequently  greatest  in 
the  case  of  hydrogen. 

The  danger  of  explosion  can  obviously  be 
averted  by  preventing  the  mingling  of  the  com- 
bustible gns  with  air. 


♦Scientific  American  translation  from  article 
by  Victor  Rodt  in  Die  Umschan. 
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FIG.  2. 


BRUSHING  VS.  BLOWING 

BY   CHARLES    C.    PHELPS 

Hat  makers  find  air  jets  superior  to  brushes 
for  "raising  the  nap"  on  certain  kinds  of  ma- 
terial, such  as  velours,  beaver,  clip  beaver  and 
imitation  velours.  After  the  hat  has  been 
formed  in  presses  it  is  "ironed"  by  passing 
a  hot  damp  cloth  pad  over  it.  The  final  oper- 
ation is  for  the  purpose  of  raising  the  hairs 
or  fibres  and  imparting  to  the  hat  a  flufify  ap- 
pearance. Formerly  brushes  were  used  for  this 
purpose,  but  they  were  slower  and  not  so  ef- 
fective as  the  blowing  method.  Further,  the 
air  jet  assists  in  rapidly  driving  out  any  re- 
maining moisture,  thus  eliminating  any  dan- 
ger of  matting  the  fibres  when  packing  the 
hats  for  shipment.  The  hat  is  rotated  on  a 
revolving  form  while  the  air  jet  is  directed 
against  it  from  a  distance  of  a  few  inches. 
(Fig.  I). 

The  commonest  form  of  nozzle  used  by  hat 
manufacturers  has  a  tip  with  a  flat  opening 
Yt.  inch  in  length  and  1-16  inch  or  less  in 
width.  There  is  a  self-closing  valve  close  to 
this  nozzle,   so  that  there  is  no  waste  of  air 


when  the  pressure  of  the  thumb  is  removed 
from  the  button  which  controls  the  flow. 

In  the  factory  in  which  Figure  i  was  photo-' 
graphed  a  Y^  inch  wire-wound  air  feed  pipe 
was  employed  and  the  pressure  maintained  in 
the  air  line  was  80  pounds  per  square  inch.  A 
large  number  of  these  jets  were  employed,  in 
fact  the  demand  for  air  was  much  in  excess  of 
the  rated  capacity  of  the  compressor  supply- 
ing this  air,  Fig.  2.  As  a  result,  the  compres- 
sor was  run  under  an  overload  a  great  part  of 
the  time  and  naturally  the  valve  bonnets,  which 
were  the  only  parts  not  cooled  by  the  water 
jacket,  became  excessively  hot.  This  accounts 
for  the  wooden  receptacle  on  top  of  the  air 
cylinder,  on  the  right  hand  end  of  the  ma' 
chine,  which  was  improvised  by  the  engineer 
to  keep  the  valves  cool  with  the  aid  of  a  water 
bath. 

The  photographs  were  taken  in  the  hat  fac- 
tory of  Wm.  Knowlton  &  Sons,  West  Upton, 
Mass. 


The  annual  meeting  of  the  Compressed  Gas 
Manufacturers'  Association,  Inc.,  will  take 
place  Monday,  January  18,  1915,  2.30  o'clock  p. 
m..  at  25  Madison  avenue,  New  York  City. 
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GAS  ENGINE  HORSEPOWER  AT  DIFFERENT 
ALTITUDES 

It  has  been  the  writer's  experience  that 
many  students,  and  in  many  cases  men  who 
have  had  considerable  gas  engine  experience, 
have  the  idea  that  the  power  of  a  gas  engine 
increases  as  the  altitude  increases.  They  fig- 
ure that  at  the  higher  altitudes  the  engine  ex- 
hausts against  lass  back  pressure,  and  there- 
fore its  power  is  increased. 

Although  the  engine  is  exhausting  against 
back  pressure,  it  is  this  same  atmospheric  pres- 
sure that  supplies  the  engine  with  its  mixture 
of  fuel  and  air.  If  the  pressure  that  supplies 
the  cylinder  with  the  mixture  is  reduced,  the 
compression  is  reduced  because  the  actual 
amount  of  mixture  forced  into  the  cylinder  is 
less.  As  a  result,  the  mean  effective  pressure 
is  less  and,  therefore,  of  course,  the  actual  out- 
put is  less. 

The  decrease  of  power  is  in  direct  propor- 
tion to  the  decrease  in  atmospheric  pressure. 
So  if  the  altitude  is  known  the  barometric 
pressure  in  inches  of  mercury  or  the  pressure 
in  pounds  per  square  inch  can  be  obtained. 
Tlien  a  simple  calculation  will  give  the  horse- 
power at  that  altitude.  As  a  formula,  it  is  as 
follows : 

P2 

H,-H,— 

P, 

Horsepower  at  given  altitude  (H2)=horse- 
power  at  sea  level  (H,)  times  ratio  of  atmo- 
spheric pressure  at  given  altitude  (Po)  to  at- 
mospheric pressure  at  sea  level  (P,,  14.7  lb. 
per  sq.  in.,  or  29.9  in.  of  mercury.) 

Approximately  the  atmospheric  pressure  de- 
creases 0.5  lb.  per  1000  ft.  elevation.  This  is 
close  enough  to  give  a  good  idea  what  the  en- 
gfine  will  deliver  at  the  required  altitude.  The 
following  tables  gives  the  atmospheric  pres- 
sure at  various  altitudes  up  to  2  mi. 

Alt.,    mi o    14     V2    Va     I     \Va    \V2    2. 

Atmos.  Pres.,  lb.14.7  14  13.3  12.7  12  11.4  10.9  9.8 

A  more  rapid  and  convenient  method  of  cal- 
culating the  horsepower  at  various  altitudes 
is  by  a  power  curve,  such  as  the  one  shown. 
This  power  curve  will  give  results  that  are 
very  accurate. 

The  following  problem  will  serve  to  illus- 
trate the  methods  of  determining  the  horse- 
power. Problem  :  Required  the  power  a  250- 
hp.  gas  engine  will  develop  at  an  altitude  of 
1J/2  mi.  above  sea  level  when  using  the  same 
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fuel  as  that  which  gives  the  engine  the  250- 
hp.   sea  level  rating. 

At  an  elevation  of  i^  mi.  the  atmospheric 
pressure  is  10.9  lb.  per  sq.  in.  Now  substi- 
tuting  in   the   formula : 

Power=:25oX(io.9-M4.7) =185.3  hp. 
An  altitude  oi  V/z  mi.  is  practically  8000  ft. 
On  the  diagram,  the  power  curve  crosses  the 
8000  ft.  altitude  line  at  practically  the  75  per 
cent,  horizontal  line.  So  the  engine  at  8000  ft. 
should  develop  75  per  cent,  of  its  rated  sea 
level  power  or  0.75X250=187.5  hp. — Practical 
Engineer. 


CARE  OF  DRILL  STEELS  AN  IMPORTANT 
FACTOR  IN  MINE  EFFICIENCY 

The  following  is  an  abstract  of  a  portion  of 
an  article  by  Thomas  M.  Bains,  Jr.,  in  Mining 
and  Scientific  Press  of  San  Francisco. 

In  too  many  mines  sufficient  attention  has 
not  been  given  to  the  systematic  handling  of 
the  drill  steel.  With  adequate  steel,  properly 
sharpened  and  heat  treated,  a  machine  man 
can  drill  twice  the  depth  of  hole  that  the  same 
man  under  similar  conditions  can  with  too  few 
drills  or  with  plenty  of  steel  which  has  been 
subjected  to  improper  heat  treatment.  The 
process  of  sharpening  and  gaging  has  been 
worked  out  mechanically,  by  means  of  drill- 
sharpening  machines. 

SUFFICIENT    STEEL    AT    EACH     WORKING    FACE 

The  purchase  of  sufficient  steel  and  turning 
it  over  to  the  blacksmith  does  not  mean  that 
sufficient  steel  will  be  at  each  working  face. 
In  cases  where  contractors  and  company  men 
work  in  the  same  mine,  the  contractors  will 
'corner'  the  steel  and  the  company  men  will  be 
short.  Few  mines  in  this  country  seem  able  to 
get  steel  to  the  machine  men  so  that  they  will 
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have  a  sufficient  supply.  It  is  generally  left  for 
each  'shifter'  to  secure  steel  for  his  shift  or 
else  each  individual  must  'rustle'  his  own  steel. 
In  one  of  the  largest  of  the  Eastern  mines, 
the  steel  was  lowered  down  the  shaft  to  the 
station  once  each  shift.  The  machine  men  or 
helpers  waited  for  it  like  a  pack  of  wolves.  Be- 
fore the  cage  was  within  two  feet  of  the  level 
of  the  station,  a  rush  like  a  football  scrimmage 
took  place.  Men  with  seven  or  eight  'starters* 
would  exultantly  dash  away  from  the  cage, 
while  others  secured  all  long  drills.  Some 
would  not  secure  any  at  all.  In  one  case,  two 
men  had  a  four-foot  and  two  six-foot  drills 
with  which  to  drill  a  complete  round. 

RESULT  OF   A   CHANGE  OF   SYSTEM. 

The  same  conditions  hold  in  Western  states. 
A  case  similar  to  the  above  occurred  in  one  of 
the  large  Mother  Lode  mines  of  California. 
The  company  operating  the  mine  had  from  lOO 
to  200  men  on  its  payroll.  The  mine  finally 
shut  down,  having  a  deficit  of  $90,000  for  the 
year.  The  company  then  leased  the  different 
levels  to  some  miners  who  had  previously 
worked  for  it.  Thirty-four  lessees  produced 
nearly  the  tonnage  that  the  average  150  com- 
pany men  had.  The  lessees  in  most  of  the 
cases  made  good  'stakes'  from  the  leases.  The 
company  had  poor  steel  conditions ;  not  only 
insufficient  steel,  but  the  heat  treatment  was 
very  poor.  The  lessees  had  one  of  the  best 
men  on  steel  to  be  found.  There  are  hundreds 
of  cases  of  this  kind  in  the  country,  where 
the  cause  of  loss  is  due  to  neglect  of  the  fourth 
factor  alone. 

LOSS   OF    STEEL   IN    MINES 

Before  considering  the  remedy  for  this  state 
of  affairs,  the  question  of  the  loss  of  steel  in 
the  mine  should  be  considered.  This  decides 
the  quality  of  steel  in  some  cases.  Managers 
will  often  state  that  they  use  cheap  instead  of 
high-grade  steel  because  the  financial  loss  due 
to  the  losing  of  steel  underground  is  greater 
than  the  saving  made  by  the  use  of  high-grade 
steel.  In  one  mine  in  California,  600  new 
drills  were  sent  underground  and  within  six 
months  only  150  were  left.  By  searching  tlie 
mine  thoroughly,  about  the  same  number  were 
found  hidden  or  thrown  in  obscure  places.  So 
in  six  months  half  of  this  new  steel  was  lost. 

A   GOOD    WAY   TO   DISTRIBUTE    STEEL 

To  secure  the  highest  efficiency  in  drilling, 
each  machine  man  should  have,  on  arriving  at 


his  working  pi  ice,  a  complete  set  of  drills, 
properly  sliari^ened  and  heat  treated.  This 
could  be  accomplished  in  many  mines  by  hav- 
ing the  mine  carpenter  build  a  rack  for  each 
working  place,  or  else  iron  racks  could  be 
made  in  quantities.  Each  should  have  two 
compartments  with  different  locks.  The  rack 
should  be  kept  as  close  to  the  working  face 
as  practicable.  When  the  machine  man  comes 
on  shift  in  the  morning,  he  finds  his  complete 
set  of  drills  near  his  work.  On  finishing  his 
round,  he  replaces  all  the  drills,  dull  ones  'bit' 
upward.  The  night  men  also  find  a  complete 
set  of  sharp  drills  in  their  compartments  of 
the  racks.  During  the  night  shift,  the  'nippers' 
would  take  out  all  the  dull  steel  from  the  day 
shift's  compartments  and  return  sharp  drills 
later  on.  The  'day  nippers'  would  handle  the 
night  shift's  drills.  The  steel  for  stoping  ma- 
chines should  be  near  the  manways  into  the 
stopes.  Keys  to  the  racks  should  be  turned  in 
at  the  end  of  each  shift,  and  the  shift  bosses 
should  see  that  each  machine  man,  on  coming 
on  shift,  is  given  a  key  to  his  rack.  'Nippers' 
s-hould  have  master  keys  to  the  compartments 
holding  steel  of  the  opposite  shift,  while  shift 
bosses  should  have  the  master  keys  to  the 
compartments  holding  steel  for  their  shift. 

By  the  use  of  this  system  the  best  quality  of 
steel  could  be  purchased,  as  the  loss  from 
missing  steel  w^ould  be  cut  down  to  the  mini- 
mum. 

HEAT    TREATMENT    OF    DRILL    STEEL 

The  heat  treatment  of  drill  steel  has  a  more 
important  bearing  on  drilling  efficiency  than 
any  other  one  factor.  The  effects  on  drill  steel 
due  to  improper  heat  treatment  may  be  classed 
under  the  following  heads:  (i)  dulling  of  the 
cutting  edge  of  the  bit;  (2)  breaking  of  the 
bit,  due  to  'checking';    (3)    loss  of  gage. 

The  first  entails  loss  of  power  due  to  the 
crushing  of  the  rock,  instead  of  its  being 
chipped.  This  means  less  footage  or  else  neces- 
sity for  more  drills.  Breaking  of  the  bit  due 
to  imperfect  cooling,  causing  the  drill  to 
'check,'  may  mean  the  loss  of  a  hole,  decreas- 
ing the  effective  footage  drilled.  The  last  ef- 
fect, however,  is  the  one  that  causes  the  great- 
est losses  in  efficiency.  Drills  that  lose  their 
gage  rapidly  may  cause  loss  of  holes,  due  to 
the  fact  that  the  next  longer  drill  will  not  fol- 
low. In  attempting  to  make  a  bit  follow  one 
that  has  lost  its  gage,  much  time  and  energy 
is  wasted.     The  psychical  effect  on  the  miner 
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is  of  great  importance  also.  Often  the  ma- 
chine will  have  to  take  the  punishment,  a 
sledge  being  used  to  loosen  the  bit  and  some- 
times the  blows  fall  on  the  piston  rod  or  oth- 
er vulnerable  parts  of  the  machine. 

The  loss  of  gage  is  due  to  the  corners  of 
the  bits  being  too  hard  or  soft.  In  the  first 
place,  the  corners  chip  off  and  in  the  latter 
they  rapidly  wear,  especially  if  drilling  in 
abrasive  rock.  The  heat  treatment,  in  most 
mines  today,  depends  on  the  eye  of  the  black- 
smith or  helper.  As  it  is  impractical  to  draw 
temper  on  large  drill  steel,  the  heat  treatment 
is  generally  conducted  as  follows :  After 
sharpening,  the  steel  is  allowed  to  cool  below 
the  'cherry  red'  temperature  and  then  is  given 
a  'short'  heat.  This  means  that  only  the  ex- 
ireme  end  of  the  drill,  for  a  fraction  of  an 
inch,  is  heated  to  'cherry  red.'  It  is  then 
'quenched'  thoroughly.  The  cutting  edge  is 
therefore  of  hard,  untempered  steel  (fine 
grained,  porcelanic  texture),  cushioned  by  a 
large  mass  of  soft  steel  behind  it.  If  the 
'heat'  at  quenching  is  too  short,  the  hardened 
portion  will  also  be  too  short,  and  in  drill- 
ing hard  rock,  will  be  driven  back  into  the 
cushion,  deforming  the  shape  of  the  drill.  If 
the  heat  is  too  'long,'  the  cushioning  effect  is 
not  sufficient  and  the  corners  chip  off.  Should 
the  length  of  the  heat  be  correct,  the  drill 
will  stand  up  satisfactorily  against  the  hardest 
rock,  provided  high-grade  steel  is  used.  As 
the  color  of  the  heated  bit  varies  under  dif- 
ferent conditions  of  sunlight  or  artificial  light, 
it  is  difficult  to  find  a  man  who  is  able  to 
heat  and  quench  at  the  proper  point. 

If  more  attention  were  paid  to  the  ques- 
tions of  sufficient  steel  at  the  working  face 
and  proper  heat  treatment  of  the  steel,  higher 
efficiency  and  lower  costs  would  result.  Sev- 
eral of  the  largest  mines  are  going  into  the 
question  of  heat  treatment,  but  the  great  ma- 
jority of  the  mines  are  leaving  this  important 
factor   to   the    blacksmith. 


ABRASIVES  FOR  SANDBLASTING 

BY     II.     I).     GAT^:S* 

Tests  of  castings  show  shot  and  grit  to 
have  approximately  60  times  the  life  of  sand. 
In  an  instance  of  the  use  of  grit  with  a  hose 
machine,    a    steel    foundry    reports    three    tons 


*De  La  Vergue   Machine  Co. 


loaded  into  the  system  and  a  loss  of  but  10 
per  cent,  noted  at  the  end  of  a  month,  while 
with  sand  the  daily  loss  by  disintegration  was 
25  per  cent.  This  latter  is  undoubtedly  exces- 
sive, and  may  have  been  due  to  a  poor  grade 
of  sand.  In  this  instance  no  advantage  in 
rapidity  of  cleaning  was  apparent  with  the 
grit   over   the    sand. 

In  another  foundry  the  cleaning  time  of 
sand  was  reduced  20  per  cent,  by  using  shot. 
This  seems  logical,  as  the  metal  abrasives 
have  two  and  a  half  times  the  specific  grav- 
ity of  sand.  Records  kept  for  six  months 
showed,  with  same  apparatus  and  conditions, 
that  one  pound  of  shot  was  equal  to  about 
20  pounds  of  fine  silica  sand.  Pieces  cleaned 
were  steel  weighing  approximately  200  pounds. 
The  shot  was  of  a  size  that  an  average  of  33.7 
per  cent,  was  retained  on  number  20  mesh 
screen,  and  66.3  per  cent,  on  a  number  40 
screen.  Experience  in  this  plant  was  that  shot 
made  a  great  saving  over  sand,  as  it  did  bet- 
ter work,  eliminated  necessity  of  large  stor- 
age bins,  the  cost  of  handling  and  driving 
sand,  and  by  its  lesser  disintegration  created 
less  dust,  making  better  conditions  for  the  op- 
erator. 

On  the  contrary  in  some  experiments  with 
metal  abrasives  on  material  to  be  electrogal- 
vanized  it  was  found  that  with  equal  power 
consumption  perfect  results  were  obtained  with 
sand,  while  the  metallic  dust  of  the  metal 
abrasive  adhered  to  pieces,  and  imperfect  gal- 
vanizing  resulted. 

On  account  of  high  cost  of  metal  abrasives, 
their  use  with  hose  type  machines  must  be 
confined  to  systems  that  have  tight  rooms  and 
provide  automatic  handling.  Thorough  sepa- 
ration of  dust  and  abrasive  must  be  assured 
in  the  use  of  either  for  best  efficiency,  and 
tlic  methods  to  obtain  this  adapted  to  the 
abrasive. 

Use  of  a  local  sand  is  often  possible,  but 
aside  from  its  abrasive  value  and  hardness  its 
size  or  grade  will  be  of  utmost  importance,  be- 
ing governed  entirely  by  size  of  nozzle. 

While  the  larger  the  nozzle  used,  the  greater 
the  volume  of  work  accomplished  and  the 
coarser  the  sand  can  be ;  air  flow  increases  so 
with  the  larger  nozzle  that  the  available  air 
supply  for  sandblast  use  must  determine  the 
nozzle  opening,  and  it  is  obvious  that  the  sand 
must  be  carefully  screened  to  size  in  order  to 
freely  pass  the  nozzle. 
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QUARRYING  WITH  AIR  HAND  DRILLS  ON 
SCAFFOLDS,  SLINGS  AND  LADDERS* 

BY   CHARLES    C.    PHELPS 

Since  the  advent  of  the  self-rotating  hand 
hammer  drill  certain  new  methods  of  ledge 
and  cliff  excavation  have  been  successfully  de- 
veloped which  would  have  been  impracticable 
with  any  previous  type  of  drill.  Formerly  the 
familiar  bench  method  was  usual,  the  rock  be- 
ing removed  in  steps  whose  depth  and  width 
depended  upon  the  size  of  mounted  drills  em- 
ployed. Frequently  deep  holes  were  cut  from 
the  top  of  the  clifif  by  churn  drills  and  drill 
wagons. 

In  the  new  method,  a  support  for  the  work- 
men is  lowered  over  the  edge  of  the  clifif. 
There  being  no  drill  mounting  to  adjust,  the 
time  consumed  in  setting  up  and  in  changing 
steels  is  practically  eliminated.  This  always 
consumes  a  large  part  of  the  time  of  operation 
with  all  types  of  mounted  drills  and  explains 
the  great  economy  of  hand  drilling.  Yet  the 
methods  here  described  would  have  been  im- 
practical with  earlier  hand  drills,  due  to  the 
difficulty  of  rotating  them  by  hand  in  incon- 
venient positions. 

Fig.  I  and  2  show  the  scheme  employed  at 
the  Campbell  &  Deane  Co.  quarry.  Straw 
Plains,  Tenn.  The  rocks  is  a  hard  blue  lime- 
stone. Formerly,  mounted  piston  drills  (3/4x 
6-in.  cylinders)  were  employed  to  remove  the 
rock  in  benches.  These  were  capable  of  drill- 
ing holes  up  to  about  2^  in.  starting  diameter, 
and  a  maximum  depth  of  about  i6  ft. 

The  present  procedure  is  as  follows :  A  row 
of  vertical  holes,   i6  ft.  deep  and  spaced  6  ft. 


*Abstract  from  Eng.  Nezvs. 


FIG.  2. 

apart,  is  put  in  parallel  with  the  face  of  the 
cliff  by  the  tripod  drills.  Two  lengths  of  gas 
pipe  are  inserted  in  the  proper  holes  and  ropes 
are  fastened  to  them  so  that  a  scaffold  can  be 
lowered  over  the  face  of  the  cliff.  The  scaf- 
fold, shown  in  Fig.  2,  is  ii  ft.  long  and  about 
4  ft.  wide.  It  is  fitted  with  winding  drums  so 
that  the  drillers  can  raise  or  lower  it  after  it 
has  been  slung  over  the  cliff.  The  hand-drill 
holes  are  spaced  6  ft.  apart,  vertically  and  hori- 
zontally, and  are  lo  ft.  deep.  At  this  depth,  the 
steels  cut  to  about  i->8-in.  bottom  diameter. 
The  holes  are  inclined  downward  at  an  angle 
of  about  30  degrees  from  the  horizontal.  Un- 
der present  conditions,  one  man  with  a  hand- 
drill  sinks  about  80  to  100  ft.  of  hole  per  10- 
hr.  shift. 

After  the  lo-ft.  holes  have  been  drilled  from 
the  top  of  the  cliff  to  near  the  bottom,  tripod 
drills  are  again  put  into  use  for  drilling  a  line 
of  horizontal  holes  on  the  very  bottom  of  the 
cliff,  these  holes  being  14  ft.  in  depth  and 
looking  down  slightly  from  the  horizontal.  The 
holes  in  the  side  of  the  cliff  are  loaded  each 
with  12  sticks  of  60%  dynamite  and  those  at 
the  bottom  with  18  sticks.  All  of  the  holes 
are  shot  simultaneously  (by  battery).  The 
cost  of  powder  per  cubic  yard  of  broken  stone 
is  about  3V2C.  with  this  system  whereas  last 
year,  when  only  tripod  drills  were  used,  the 
cost  was  5V^c. 

Several  big  blasts  have  already  been  made. 
In  the  first  shot  that  was  set  off  an  insufficient 
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quantity  of  powder  was  used,  which  resulted 
in  large  sizes  of  some  of  the  stone.  Later,  350 
lb.  was  used  (as  noted  above),  and  the  cost 
quoted  is  based  on  this.  It  is  believed  that 
this  amount  can  be  reduced  slightly  and  it  is 
also  contemplated  using  a  slightly  longer  scaf- 
fold so  that  two  or  three  drills  can  be  used  at 
once,  which  would  result  in  a  further  lowering 
of  operating  cost.  With  the  350-lb.  charge  of 
powder,  the  rock  is  so  well  broken  up  that 
practically  all  of  it  can  be  handled  by  the 
steam  shovel  and  crushers,  requiring  practi- 
cally no  block-holing. 

The  ease  with  which  the  automatically  rotat- 
ed hand  hammer  drill  is  handled  in  inaccessi- 
ble quarters  was  further  illustrated  in  work  at 
the  Bullwhacker  Copper  Company  mines,  at 
Butte,  Mont.  The  difficult  nature  of  the 
"glory  hole"  mining  here  may  be  realized  when 
it  is  considered  that  it  is  75  feet  from  the  oper- 
ator's position  to  the  bottom  of  the  cut,  where 
the  broken  ore  is  mucked  into  cars  and  hoisted 
on  an  incline  to  the  surface.  The  material  is 
relatively  low  grade,  averaging  4%  copper,  the 
vein  running  about  125  ft.  wide  at  this  point. 

Frequently  the  operator  works  from  a  boat- 
swain's chair  slung  over  the  side  of  the  cliff. 
In  a  particularly  difficult  spot  a  suspended  lad- 
der had  to  be  resorted  to,  the  operator 
bracing  himself  against  the  ladder  and  having 
only  sufficient  room  for  one  foot  on  the  rock. 

In  spite  of  the  exceptional  difficulties  at  the 
Bullwhacker  mine,  the  remarkable  speed  of 
go  ft.  of  hole  in  two  hours  has  been  made, 
each  hole  bottoming  at  6  ft.  The  rock,  how- 
ever, was  not  hard,  it  being  an  oxidized  gran- 
ite. Three-foot  starting  steels  were  used,  fol- 
lowed by  6-ft.  drills,  the  holes  being  for  i^- 
in.  powder  sticks.  In  a  single  month,  one 
drill  broke  enough  ore  to  fill  64  cars  of  about 
50,000  lb.  each. 

In  the  two  instances  cited,  it  twould  be  quite 
impossible  to  employ  heavy  piston  drills.  Or- 
dinary plug  drills  would  also  be  extremely 
difficult  to  operate  because  of  the  difficulty 
of  rotating  them  by  hand  in  such  cramped 
quarters.  With  the  self-rotating  hand  type, 
however,  the  operator  has  merely  to  apply  the 
tool  to  the  spot  to  be  drilled  and  open  the 
throttle.  A  simple  steel  holder  attached  to 
the  front  head  of  the  hand  drill  has  been 
found  of  material  aid  in  withdrawing  the  steel 
from  the  hole.  Moreover,  it  enables  the  drill 
runner    to    lower    and    raise   the    steel    in    the 


hole,  churning  up  the  cuttings  and  prevent- 
ing sticking  or  binding.  The  latter  troubles 
are  still  further  provided  against  and  the 
speed  of  cutting  has  been  increased  by  a  hole- 
cleaning  device  with  which  the  operator  can 
send  at  will  a  jet  of  air  through  the  hollow 
steel  to  the  bottom  of  the  hole. 

The  writer  desires  to  acknowledge  the  as- 
sistance of  L.  F.  Thompson,  of  Knoxville,  who 
furnished  the  data  concerning  the  Campbell 
&  Deane  quarry,  and  of  C.  M.  Hansen,  of 
Butte,  who  supplied  the  information  on  the 
work  at  the  Bullwhacker  mine. 


PNEUMATIC  COAL  TRANSPORTATION 

In  a  paper  read  before  the  South  Wales  In- 
stitute of  Engineers,  Mr.  Edward  Koenings 
describes  a  pneumatic  method  of  transporting 
small  coal,  such  as  peas,  nuts,  etc.,  which  has 
met  with  some  success.  It  is  pointed  out  that 
the  pneumatic  principle  has  been  applied  in 
practice  to  the  transport  of  seed,  more  espec- 
ially corn,  but  only  recently  to  coal.  Small 
coal  is  not  so  uniform  in  size  as  a  certain 
quality  of  grain,  and  it  usually  contains  mois- 
ture which  makes  its  suction  into  pipes  diffi- 
cult; a  secondary  trouble  is  the  dust  created. 
The  difficulties  have,  however,  been  sur- 
mounted and  the  author  proceeds  to  describe 
actual  plants  in  use.  One  of  these  in  Austria 
deals  with  200  tons  of  coal  in  24  hours,  and 
consists  of  a  double-cylinder  air-pump  by 
means  of  which  a  vacuum  of  about  10  inches 
is  created  in  a  cylindrical  receiver,  and  two 
cylindrical  dust  catchers.  To  the  lower  part 
of  the  receiver  three  flexible  suction  pipes  lead, 
each  fitted  with  an  isolating  valve,  so  that 
either  pipe  may  be  used,  two  being  for  unload- 
ing wagons  and  one  lending  to  a  coal  storage 
200  yards  away.  Each  suction  pipe  is  fitted  at 
the  inlet  with  a  special  nozzle,  and  when  in 
use  the  incoming  current  of  air  carries  the 
coal  and  dust  to  the  receiver,  where  the  coal 
falls  by  its  own  weight  into  the  lower  conical 
part;  it  is  ejected  through  an  automatic  air- 
tight discharge  valve  on  to  an  automatic 
weigher,  and  subsequently  passed  to  a  re- 
ceiving bunker.  The  dust  in  suspension  in  the 
receiver  is  drawn  into  the  filters,  collected  and 
discharged  in  the  same  way  as  the  coal,  the  re- 
maining air  passing  through  the  pump  for  dis- 
charge to  the  atmosphere.  The  only  attend- 
ants required  by  the  plant  are  the  engineer  in 
charge  of  the  pump  and  the  workman  looking 
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after  the  suction  nozzle.  The  only  important 
mechanism  is  the  pump,  and  the  operation  is 
dustless  so  far  as  the  workers  are  concerned. 
Another  (German)  plant  is  described  for  feed- 
ing 15  boilers.  In  this  case  the  coal  is  taken 
from  barges  160  yards  away,  lifted  no  feet 
and  passed  through  the  type  of  receiver  men- 
tioned, weighed  and  deposited  in  bunkers  by 
means  of  a  belt  conveyor.  In  this  instance  no 
filter  is  used,  as  a  dry  lubricating  air  pump  is 
installed,  and  dust  collectors  are  fitted  be- 
tween the  receiver  and  pump.  The  pump  is 
rated  at  2,400  cubic  feet  per  minute ;  the  ca- 
pacity of  the  plant,  26  tons  an  hour  from  the 
barge,  is  increased  to  45  tons  if  coal  is  taken 
from  a  bunker  close  to  the  receiver.  The  pow- 
er required  is  65  h.p.,  and  the  attendance  from 
two  to  three  men ;  it  is  estimated  that  the  plant 
will  pay  for  itself  in  two  years.  Another  plant 
deals  with  eight  tons  an  hour,  over  100  yards 
and  a  height  of  70  feet,  and  requires  18  h.p. 
The  writer  considers  this  form  of  transport 
most  useful  over  a  distance  of  100  to  300 
yards ;  the  limiting  size  of  coal  he  fixes  at  2 
inches,  and  of  moisture  at  6  per  cent.  He  sug- 
gests that  there  may  be  scope  for  such  appa- 
ratus for  lifting  small  coal  from  the  pit  bot- 
tom to  the  surface. 


S01VIE"*QUEER  COMPRESSOR  BUILDING 
EXPERIENCE 

I  think  it  will  enliven  my  narrative  to  tell 
here  the  story  of  the  Crown  Point  compres- 
sor. The  Crown  Point  mine  had  long  been 
under  the  control  of  the  Bank  of  California 
crowd.  It  needed  a  new  and  large  compres- 
sor, and  I  urged  its  management  to  order  one 
of  my  new  compound  type,  which  they  did. 

We  completed  this  compressor  in  four 
months  and  had  it  set  up  and  tested  in  the 
shop,  a  fine  foundation  having  been  built  for 
it  at  the  Crown  Point  mine.  Just  about  the 
time  that  we  were  ready  to  take  it  down  for 
shipment  the  Bonanza  crowd  got  control  of 
the  Crown  Point  mine.  Mr.  Taylor,  presi- 
dent of  the  Risdon  Iron  Works,  came  to  the 
office  one  morning  in  great  trouble  and  called 
me  into  a  private  room  to  inform  me  that 
the  enemy  were  in  control  at  Crown  Point 
and  it  was  all  up  about  the  compressor. 

"Now,"  said  he,  "you  seem  to  be  on  better 
terms  with  Mr.  Fair  than  any  of  us,  and  I 
want  you  to  go  up  to  his  office  and  see  what 


you  can  do  about  it."  So  to  Mr.  Fair's  of- 
fice I  went  with  great  trepidation,  for  he  might 
be  in  a  bad  humor,  in  which  case  I  had  little 
chance  of  accomplishing  anything.  I  founrl 
him  in  his  office  evidently  elated  over  the 
Crown  Point  business.  When  I  entered  he 
said  heartily,  "Be  seated,  Mr.  Dickie;  now 
what  can   I  do  for  you,  my  son?" 

"Mr.  Fair,"  I  said,  "I  have  come  up  to  see 
you  about  the  new  compressor  for  Crown 
Point.  It  is  all  ready  and  has  been  tested  in 
the  shop,  and  I  thought  you  might  like  to 
come  down  and  see  it  run  before  we  ship  it." 

"But,"  he  replied,  "I  do  not  want  that  com- 
pressor." 

That  remark  made  me  feel  rather  down- 
hearted, so  I  ventured  cautiously  to  extol  the 
virtues  of  my  compressor,  and  said,  "Mr.  Fair, 
why  don't  you  want  that  compressor ;  it  will 
be  more  economical  than  any  compressor  now 
on  the  Comstock  by  at  least  30  per  cent." 

Then  he  let  me  in  on  some  of  the  eco- 
nomics of  mine  control  b}^  replying,  "Now,  my 
son,  you've  got  it.  We  have  got  control  of 
that  mine,  so  that  if  we  can't  get  metal  out 
of  her  we  can  put  wood  into  her ;  we  are 
selling  Crown  Point  80  cords  of  wood  per 
day  and  an  economical  compressor  will  cut 
down  our  sales." 

"Mr.  Fair,"  I  said,  "the  foundations  are  all' 
complete  and  the  holding-down  bolts  in  place, 
ready  to  receive  the  compressor,  and  you  can- 
not afford  to  leave  it  incomplete,  so  you  had 
better  let  me  ship  it,  especially  as  a  great  many 
mining  men  are  anxious  to  see  how  it  will 
turn  out." 

"Now,  my  son,"  he  said,  "3-ou  had  better  not 
say  anything  more  about  it ;  we  are  not  go- 
ing to  take  that  Compressor."  "Then,"  said 
I,  "what  are  you  going  to  do  about  our  con- 
tract?" "Oh,  you  have  a  contract  have  you? 
Robert,  where  is  that  contract  with  the  Ris- 
don for  a  compressor?  Ah,  my  son.  here  it 
is,  $46,000.  It  seems  to  be  all  right.  Robert, 
make  out  a  check  to  the  Risdon  Iron  Works 
for  $46,000  on  Crown  Point  account.*' 

BURYING    A    NEW    IDE.\ 

"That's  all  right. "I  said,  "but  what  are  we 
to  do  with  your  compressor?"  "How  big  is 
this  thing,  my  son?"  I  told  him  about  20  ft, 
long,  17  ft.  high  and  8  ft.  wide.  "Well,  my 
son,  it's  pretty  big — too  big  to  bury  it  stand- 
ing   up.    as    you    get    into    water    pretty    quick 
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down  at  your  place,  but  dig  a  nice  hole  and 
lay  it  on  its  flat.  You  can  go  down  9  ft.,  and 
cover  it  up  carefully;  no  headstone,  I  want 
your  compressor  to  have  a  nameless  grave 
and  we'll   say  no  more  about  it."' 

So  ended  the  chance  for  a  real  two-stage 
compressor,  and  it  was  15  years  before  any- 
one else  built  a  compound  compressor.  Pass- 
ing some  time  ago  the  site  of  the  old  Risdon 
Iron  Works,  I  came  across  one  or  two  parts 
of  the  old  Crown  Point  compressor;  probably 
no  one  but  myself  could  identify  them.  In 
those  days  we  had  some  rather  strange  ex- 
periences in  our  endeavors  to  advance  sci- 
ence and  engineering. — Geo.  W.  Dickie  in 
Anierican   Machitiist. 


SOMETHING  FOR  NOTHING  IN  COMPRESSED 
AIR 

The  following  comes  to  us  from  the  Kansas 
City  Post.  The  device  spoken  of  will  evidently 
be  a  wonder  when  the  "few  alterations"  are 
completed. 

An  engine  that  runs  itself  on  its  own  power, 
developing  energy  to  operate  machinery,  has 
been  invented  in  this  city.  The  inventor  has 
been  working  for  five  years  on  his  self-operating 
engine,  and  now  has  it  near  perfection.  A  few 
alterations  are  to  be  made.  These  will  in- 
crease its  efficiency.  The  engine  is  run  by 
compressed  air,  making  its  own  pressure  as  it 
runs.  The  exhaust  from  the  cylinders  returns 
through  a  series  of  eight-port  automatic  valves, 
to  a  large  steel  pressure  tank.  This  tank  is  a 
double  affair,  there  being  a  smaller  tank  within 
the  larger  one.  An  air  space  of  6-in,  inter- 
venes between  the  two  tanks.  Into  the  air 
space  the  exhaust  from  the  cylinders  is  forced, 
the  action  being  such  that  the  nitrogen  gases 
are  separated  from  the  oxygen  and,  forming  a 
lighter  gas,  rises  to  the  top  of  the  tank,  at  the 
same  time  creating  a  pressure  which  forces  the 
fresh  air  down  through  the  inner  tank  and 
back  into  the  engine,  which  is  operated  by  this 
pressure. 


OXYGEN  SUPPLY  WITHOUT  PRESSURE 

Instead  of  using  strong  mechanical  contain- 
ers for  oxygen  as  a  compressed  gas  chemical 
constraint  can  be  substituted.  Thus  oxone  is 
a  substance  in  which  oxygen  is  held  in  chemi- 
cal bonds,  but  is  rcleasable  by  the  application 
of  water.  Just  as  water  reacts  with  calcium 
carbide  and  forms  acetylene  gas  and   lime,  so 


water  reacts  with  oxoe  and  forms  oxygen  and 
sodium  hydrate.  A  pound  of  this  reagent 
holds  2.2  cub.  ft.  of  gas  or  60  litres  of  oxygen 
at  normal  pressure  and  temperature.  Thus  a 
pound  of  oxone  should  furnish  a  man  enough 
oxygen  for  30  minutes  of  use.  The  oxygen 
evolved  is  said  to  be  99  to  100  per  cent,  pure, 
the  only  impurity  consisting  of  a  slight  vapour 
caused  by  the  energy  of  reaction.  This  is  read- 
ily absorbed  by  passing  the  gas  through  water. 
The  gas  is  then  of  100  per  cent,  purity.  Oxone 
is  a  commercial  preparation  of  fused  sodium 
peroxide  of  specific  gravity  2.43.  It  is  hard, 
but  not  brittle,  and  is  capable  of  being  cast  in- 
to any  convenient  shape,  and  it  is  said  it  can 
be  stored  without  danger  and  even  without 
deterioration  if  protected  from  moisture. 


A  PLANT  THAT  COUGHS 

All  have  read  of  carnivorous  plants,  of 
laughing  plants  and  of  plants  that  weep,  but 
who  has  heard  of  a  plant  that  coughs?  There 
is  a  plant  in  various  tropical  regions  which 
actually  possesses  the  power  to  cough  in  the 
most  approved  manner.  It  appears  that  the 
coughing  plant  is  something  of  a  crank,  that 
it  easily  works  itself  into  a  rage,  and  that  it 
has  a  curious  horror  of  all  dust.  As  soon  as  a 
few  grains  of  dust  are  deposited  on  its  leaves 
the  air  chambers  that  cover  'their  faces  and 
are  the  respiratory  organs  of  the  plant  be- 
come filled  with  gas,  swell,  and  end  by  driving 
out  the  gas  with  a  slight  explosion  and  a 
sound  that  resembles  so  much  the  cough  of  a 
child  suffering  from  a  cold  as  to  carry  a  most 
uncanny  sensation. 


A  STONE  QUARANTINE 

Probably  for  the  first  time  in  the  history  of 
the  world  a  quarantine  has  been  declared 
against  stone,  and  it  is  now  being  enforced 
against  the  quarry  products  of  certain  parts  of 
New  England.  Owing  to  the  fact  that  egg 
clusters  of  gypsy  moth  were  being  distributed 
on  quarry  blocks  from  the  infected  districts  to 
other  sections  of  the  United  States,  the  Secre- 
tary of  Agriculture  placed  such  products  un- 
der regulation  as  to  interstate  movement  by  a 
quarantine  effective  October  23,  1914.  In  ac- 
cordance with  this  action  the  railroad  compan- 
ies have  notified  shippers  that  before  any  car. 
box  or  other  container  can  be  moved  from  the 
infected  districts,  it  must  be  plainly  marked 
and  bear  a  certificate  of  inspection. 


COMPRESSED  AIR  MAGAZINE. 


7481 


MAGAZINE 

EVERYTHING  PNEUMATIC 

Established    1896 


W.    L.    SAUNDERS, 
FRANK  RICHARDS, 
CHAS.   A.   HIRSCHBERG, 
W.  C.  LAROS, 


Editor 

-     Managing  Editor 

■     Business  Manager 

Circulation  Manager 


PUBLISHED     MONTHLY     BY    THE 

Compressed    Air    Magazine  Company 
Easton,   Pa. 

New     York     Ofl3ce — 11     Broadway. 

London    Office — 165    Queen    Victoria    Street. 

Subscription,  including  postage,  United  States 
and  Mexico,  $1.00  a  year.  Canada  and  abroad, 
$1.50  a  year.     Single  copies,   10  cents. 

Those  who  fail  to  receive  papers  promptly  will 
please  notify  us  at  once. 

Advertising  rates  furnished  on  application. 

We  invite  correspondence  from  engineers,  con- 
tractors, inventors  and  others  interested  in  com- 
pressed air. 

Entered  as  second-class  matter  at  the  Easton. 
Pa..   Post   Office. 


Vol.  XX.        JANUARY,  1915.        No.  i 


CONTENTS 


Special  Compressor  in  Edison  Fire 7459 

Electric-Air    Coal    Mine 7460 

Handling  Concrete  with  Compressed  Air  7465 

Newest  Rock  Drilling  Practice 7460 

Electric-Air  Drills  on  Mesabi  Range....  7470 

Calibrating  Venturi  Meters. 7471 

Behavior  of   Explosive   Mixtures 7472 

Brushing  vs.   Blowing 7473 

Gas  Engine  Horsepower  at  Altitudes....  7474 

Care  of  Drill  Steels  and  Efficiency 7474 

Abrasives  for  Sandblasting 7476 

Quarrying  with  Air  Hand  Drills 7477 

Pneumatic   Coal   Transportation 7478 

Queer  Compressor  Building  Experience.  .  7479 
Something    for    Nothing    in    Compressed 

Air   7480 

Oxygen  Supply  Without  Pressure 7480 

Plant  that  Coughs 7480 

Stone  Quarantine   7480 

Our  Great  Disappointment 7481 

Rock  Drills  at  North  Star  Mines 7482 

Small    Portable    Compressor 7483 

Tests  of  Largest  Turbo  Compressor....  7484 

Notes    7486 

Patents   7487 


THE  GREAT   DISAPPOINTMENT 

With  onr  present  issue  another  volume  of 
CoMPKE.ssEi)  Air  Magazine  begins,  and  it 
would  be  quite  natural  for  us  to  be  thinking 
and  speaking  of  its  outlook  for  the  future. 
With  world  affairs  in  normal  condition  it 
should  be  expected  that  we  would  be  consider- 
ing the  special  topics  to  which  our  publica- 
tion is  ostensibly  devoted;  but  it  is  impossi- 
ble to  forget  or  ignore  the  conditions  under 
which  wc  arc  at  present  existing.  All  the 
world  is  upset,  and  wiseacre  historians  hun- 
dreds of  years  hence  will  be  showing  that  the 
upsetting  was  the  operation  precedent  to  a  fir- 
mer settling  of  the  foundations  of  life  and 
conditions  on  the  globe,  and  that  the  cost  of 
the  repairs  was  commensurate  with  the  value 
of  the  work  accomplished. 

Nevertheless,  the  universal  tragedy  of  the 
present,  in  view  of  what  we  were  confidently 
expecting  of  permanent  peace  and  continued 
average  prosperity  and  progress,  must,  for  the 
time  at  least,  stand  for  one  of  the  world's 
great  disappointments.  It  came  upon  us  with 
startling  suddenness,  and  to  the  masses  of 
mankind  as  a  complete  surprise,  and  if  it  could 
have  been  predicted  in  advance  it  would  have 
been  almost  universally  declared  impossible. 
Under  existing  conditions  perhaps  the  most 
futile  of  undertakings  is  to  attempt  to  place' 
the  blame  for  it  all,  except  in  so  far  as  that 
may  lead  to  the  means  of  restoration  and  re- 
adjustment. All  that  we  can  do  is  to  take 
things  as  they  come  and  to  hope  and  resolve 
that  so  far  as  may  be  possible  we  shall  keep 
out  of  more  immediate  contact  with  the  great 
trouble. 

When  we  come  to  look  into  the  actualities 
of  the  great  war  we  find  that  pneumatics  in 
one  way  or  another  is  involved  in  all  the  great 
operations.  This  war  has  developed  departures 
from  the  traditional  ways  of  fighting,  and  has 
sprung  surprises  in  the  development  of  ef- 
ficiencies along  unusual  lines  that  are  the  won- 
der alike  of  the  expert  and  of  the  uninformed. 
Sky  craft  and  the  submarines  were  never  em- 
ployed until  the  present  war;  now  they  are 
the  most  terrible  and,  directly  or  indirectly, 
the  most  effective  and  terrible  of  all  the  agen- 
cies employed,  and  air  is  as  essential  in  the 
operation  of  the  one  as  of  the  other. 

Compressed  air  has  been  working  quite  in- 
nocently but  quite  constantly  toward  the  de- 
velopment of  the  most  effective  of  the  phys- 
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ical  agencies  of  the  destruction  now  so  active. 
The  rock  drill  in  quarry  and  in  mine,  in  driv- 
ing tunnels  and  in  all  rock  excavation,  has 
continually  stimulated  the  development  of  the 
higii  explosives,  and  now  we  reap  the  benefit 
in  the  harvest  of  death. 


TESTS  OF  ROCK  DRILLS  AT  NORTH  STAR 
MINES,  CALIFORNIA 

BY    W.    L.    SAUNDERS 

[The  following  is  a  discussion  of  a  paper 
with  the  above  title  by  Robert  H.  Bedford  and 
William  Hague,  presented  at  the  Salt  Lake 
meeting.  August,  1914,  of  the  American  Insti- 
tute of  Mining  Engineers  and  printed  in  the 
Bulletin  of  the  Institute   No.  92]. 

Messrs.  Bedford  and  Hague  have  given  us 
a  very  interesting  and  practical  paper.  No 
better  excuse  for  such  a  paper  could  be  de- 
sired than  the  statement  made  that  the  ex- 
pense of  drilling  in  this  mine  is  one-third  of 
the  cost  of  delivering  the  ore  at  the  mill.  This 
statement  should  be  written  in  red  letters,  be- 
cause it  applies  to  a  great  many  mines  besides 
the  one  referred  to  and  because  it  is  generally 
true  that  in  a  mining  plant,  as  also  in  papers 
read  before  the  Institute,  more  attention  by 
far  is  given  to  the  metallurgical  side  of  min- 
ing than  to  the  excavation  of  the  ore,  and  no 
study  of  the  excavation  work  is  properly  made 
that  does  not  involve  a  careful  inquiry  into  the 
merits  of  the  rock  drill  used. 

Next  in  importance  to  the  selection  of  a 
good  rock  drill,  in  a  case  where  the  actual 
drilling  cost  is  one-third  the  cost  of  delivering 
the  ore,  is  that  the  drill  should  be  maintained 
in  order  and  kept  up  to  its  highest  efficiency. 
The  best  rock  drill  may  run  down  in  efficiency 
through  accidents,  wear,  or  other  conditions 
which  are  sometimes  beyond  supervision  or 
cor.trol.  The  machine  is  usually  in  the  hands 
of  men  who  know  how  to  get  work  out  of  it, 
iiot  men  who  know  hrtw  it  works.  The  best 
drill  runners  are  not  machinists,  but  miners. 
They  could  not  tell  you  how  the  valve  oper- 
ates or  the  principle  of  the  rotation,  but  they 
know  how  to  get  the  wf^rk  done.  A  testing 
machine,  particularly  the  type  described  in 
this  paper,  may  l)e  of  the  greatest  value  in 
maintaining  a  uniform   state  of  efficiency. 

It  must  not  be  supposed,  however,  that  this 

testing   machine   in    itself   will    distinguish    the 

.  value  of  one  type  of  drill  from  another.  This 


has  been  referred  to  in  the  paper,  where  it  is 
sliown  from  the  record  that  drills  developing 
the  greatest  horse  power  of  energy  were  not 
the  most  efficient  in  drilling  capacity.  This  is 
referred  to  on  p.  1814  and  it  is  corroborated 
by  the  tables  on  p.  1813,  where  the  foot-pound 
blow  of  approximately  40  to  45  lb.  is  shown 
to  be  the  most  efficient  for  this  particular 
class  of  work. 

At  the  works  of  the  Ingersoll-Rand  Co.  test- 
ing machines  of  practically  the  same  principle 
as  that  described  have  been  in  use  for  several 
years.  Drills  are  tested  on  these  machines  and 
afterward  operated  in  an  experimental  under- 
ground mine,  where  it  has  been  shown  that  the 
maximum  foot-pound  energy  does  not  always 
meaii  maximum  drilling  capacit}^  The  effi- 
ciency of  any  type  of  rock  drill  depends  mainly 
upon  the  proper  adjustment  of  the  air  pressure 
to  the  nature  of  the  rock.  In  certain  rocks  a 
slow-moving,  heavy  foot-pound  blow  will 
show  the  best  results  in  drilling,  while  in  other 
rocks  the  fastest  drilling  is  done  through  a 
rapid  blow  of  light  foot-pound  energy. 

The  testing  machine,  however,  is  a  guide  in 
showing  comparative  results  under  similar 
conditions  and  it  is  a  valuable  means  by  which 
from  time  to  time  a  drill  may  be  tested  to  de- 
termine whether  or  not  it  has  deteriorated.  A 
rock  drill  that  is  not  up  to  its  maximum  effi- 
ciency should  be  examined  and  the  cause  dis- 
covered and  remedied. 

It  is  to  be  regretted  that  Messrs.  Bedford 
and  Hague  did  not  give  us  a  little  more  infor- 
mation concerning  the  tests  given  in  the  tables. 
These  tables  at  a  glance  indicate  that  a  com- 
parsion  has  been  made  between  the  cost  of 
operating  a  water  Leyner  No.  8  drill  and  a 
Waugh  12-A.  I  feel  quite  sure,  however,  that 
there  is  no  comparative  test  intended,  because, 
in  the  first  place,  one  machine  is  a  rock  drill 
of  the  mounted  type  while  the  other  is  an  un- 
mounted stoper.  In  these  tests  the  Leyner 
drill  was  used  for  heading  work,  which  means 
that  a  larger  proportion  of  the  holes  are  flat 
and  down-holes.  Such  work,  as  every  one 
knows,  is  more  difficult  and  is  harder  on  the 
steel  than  work,  commonly  known  as  stoping, 
with  air  drills,  which  is  usually  up-hole  work, 
the  drills  clearing  themselves  of  cuttings  dur- 
ing operation.  This  point  has  a  bearing  upon 
the  statement  showing  the  amount  of  steel 
consumed  and  the  cost  per  shift  for  sharpen- 
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ing  the  steel.  There  can  be  no  comparative 
value  placed  upon  tests  of  steel  cost  except 
when  used  In  the  same  class  of  work.  Fur- 
thermore, the  Leyner  drill  was  used  with  round 
steel  while  the  stoper  used  the  cruciform  pat- 
tern. The  statement  is  also  made  that  2-in. 
bits  were  used  with  the  stopers  and  2j4-in.  with 
the  Leyners. 

Another  point  worth  mentioning  is  that  the 
Leyner  drill  (No.  8)  referred  to  in  this  paper 
is  no  longer  made,  it  being  an  obsolete  pattern, 
the  present  type  being  No.  i8. 

The  point  brought  out  in  this  paper  that  the 
force  of  the  air  feed  on  a  stoper  has  a  very 
material  effect  upon  its  drilling  capacity  is  one 
not  generally  considered,  but  it  is  of  the  ut- 
most importance  in  stoper  service. 


A  SMALL  PORTABLE  AIR  COMPRESSOR 

The  small  gasoline-engine-driven  portable 
air  compressor  illustrated  above  has  been  de- 
veloped by  the  IngersoU-Rand  Company,  par- 
ticularly to  meet  the  needs  of  the  contractor 
doing  work  of  a  temporary  character  requiring 
compressed  air  in  small  quantities,  such  as  the 
laying  of  gas  and  water  mains,  where  air  tools 
of  various  types  are  used,  for  cutting  asphalt, 
tearing  up  roadways,  rock  cutting,  calking  lead 
joints,  drilling '  and  riveting  on  steel  pipes, 
tamping  earth,  etc.  Compressed  air  tools  have 
demonstrated  their  merit  on  this  class  of  work 
and  in  every  case  have  proved  a  considerable 
saving,  both  in  time  and  labor,  over  hand 
methods. 

This    compressor    being    portable    and     self 
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contained  is  admirably  adapted  to  this  work. 
It  is  operated  by  a  simple  single  cylinder  gaso- 
line engine  which  is  coupled  directly  to  the 
compressor,  both  pistons  working  from  alter- 
nate cranks  on  the  same  shaft.  The  engine  is 
of  the  single  acting,  two  cycle  type,  closely 
following  the  well  known  marine  designs.  The 
air  compressor,  which  is  one  of  the  Companies 
standard  types,  known  as  "Imperial  XII,"  has 
a  capacity  of  45  cu.  ft.  per  minute  at  a  pressure 
of  90  lb. ;  it  is  fitted  with  an  air  unloader  and 
the  engine  with  a  centrifugal  governor. 

Cooling  is  provided  for  by  a  gear  driven 
pump  and  an  automobile  type  radiator  with 
large  tank  capacity,  serving  both  the  compres- 
sor and  engine.  The  radiator  is  assisted  by  a 
large  fan. 

The  frame,  axles  and  wheels  are  of  steel,  the 
front  axle  is  arranged  with  a  swivel  connec- 
tion to  the  frame,  permitting  horizontal  rota- 
tion for  turning  corners  and  sufficient  vertical 
movement  to  accommodate  the  wheels  to  in- 
equalities of  the  road  without  strain  on  the 
frame. 

An  air  receiver,  tested  to  300  lb.  water  pres- 
sure and  fitted  with  safety  valve,  pressure 
gage,  necessary  piping,  outlets,  etc.,  is  hung  at 
one  end  of  the  frame,  and  a  gasoline  tank  of 
15  gallons  capacity  is  supported  on  a  large 
tool  box  as  shown  in  the  illustration. 

The  outfit  complete  weighs  1600  lb. ;  it  is 
designed  for  hand  transporation  but  can  be 
fitted  for  horse  traction  if  desired. 

This  outfit  is  rated  in  terms  of  pneumatic 
tools  of  its  make  as  follows : 

Three  medium  size  "Little  David"  chippers. 

Two  "Crown"  pneumatic  picks. 

Two  "Little  David"  riveting  hammers. 

One  "Little  David"  wood  boring  drill  or 
one  metal  drill. 

Two  "Crown"   sand   rammers. 

Two  small  plug  drills  or  one  Jackhamer. 

One  medium  size  "Imperial"  hoist. 

Ten  small  stone  tools  or  six  of  the  large 
size. 


TEST  OF    THE  LARGEST  AIR  COMPRESSOR 

BY    G.     M,    CLARK.* 

The  official  test  of  the  largest  turbo-com- 
pressor hitherto  constructed  marks  an  epoch 
in  the  history  of  the  design  of  such  machines, 
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and  is  therefore  worthy  of  a  fuller  descrip- 
tion than  would  generally  be  accorded  to  a  tak- 
ing-over test  between  a  contractor  and  a  pur- 
chaser. The  machine  is  used  for  delivering 
compressed  air  to  the  mines  belonging  to  the 
Rand  Mines,  Limited.  Air  is  delivered  through 
a  network  of  pipes  30  miles  in  length  and  vary- 
ing in  diameter  from  27J/2  inches  downwards 
to  20  points  of  supply  at  a  pressure  of  100  to 
no  pounds  per  square  inch  gauge  pressure. 
The  total  capacity  of  these  pipes  is  nearly  90 
tons  (of  2,000  pounds)  of  air,  and  the  power 
installed  to  drive  the  compressors  is  nearly 
60,000  K.W.  The  machine  runs  at  3,000  revo- 
lutions per  minute,  and  is  rated  at  7,000  K. 
W.  on  the  turbine,  and  is  one  of  three  similar 
machines  installed  under  the  same  contract. 
The  machine  has  an  overall  length  of  56  feet 
The  low-pressure  stage  is  next  to  the  tur- 
bine, and  is  double  ended.  The  air  at  atmos- 
pheric pressure  is  taken  in  at  each  end,  and  is 
discharged  by  a  duct  at  the  centre.  This  auto- 
matically balances  the  end  thrust  on  this  stage. 
From  the  first  stage  the  air  passes  through 
the  first  intercooler,  then  through  the  second 
or  intermediate  stage,  and  then  through  the 
second  intercooler,  and,  finally,  through  the 
high-pressure  stage.  All  stages  are  water- 
jacketed,  and  water  also  circulates  through  the 
diaphragms.  Compressed  air  contains  no  more 
energy  than  the  same  volume  of  uncompressed 
air  at  the  same  temperature,  so  that  all  the 
work  done  in  compression  has  to  appear  in  the 
cooling  water.  The  compression  that  takes' 
place  in  the  first  stage  is  from  atmospheric 
pressure  to  about  0.8  atmospheres  above,  whilst 
the  second  stage  raises  the  pressure  to  nearly 
3.0  atmospheres,  and  the  final  stage  to  9  at- 
mospheres gauge  pressure.  The  temperature 
of  the  air  entering  the  compressor  is  nearly 
2o''C.,  with  a  rise  to  So^C.  at  the  end  of  the 
first  stage.  It  is  again  cooled  to  30*  C.  in  the 
intercooler  with  circulating  water  at  2o'*C., 
and  leaves  this  stage  at  about  ioo*'C.,  after 
which  it  is  again  cooled  to  35°C  in  the  second 
intercooler,  and  finally  rises  to  90*C.  in  the 
high-pressure  stage.  The  isothermal  compres- 
sion is  completed  by  the  final  cooling  in  the 
pipe  line  distribution  system  to  the  original 
atmospheric  temperature  of  20*'C.  These  tem- 
peratures and  pressures  vary  with  the  load  on 
the  machine,  but  the  above  statement  is  nearly 
accurate  for  the  full  load  of  the  machine. 

The   tests,   which   were   carried   out   in   Au- 
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gust,  1914,  were  officially  for  the  purpose  of 
deciding  whether  the  guarantees  were  ful- 
filled, and  suhordinately  for  the  purpose  of  giv- 
ing information  to  the  operating  staff  as  to  the 
behaviour  of  the  machine.  The  Power  Com- 
pany does  not  sell  air  in  terms  of  air-kilowatt 
hours  as  defined  above,  but  in  terms  of  air 
units,  which  are  defined  as  64.1  per  cent,  of  an 
air  kilowatt  hour.  This  fraction  was  intro- 
duced so  that  the  selling  price  of  an  air  unit 
and  of  an  electric  unit  might  be  the  same.  It 
would  have  been  as  simple  to  have  sold  air 
by  the  air-kilowatt  hour  and  made  the  price  of 
each  100/64. 1  of  the  price  of  an  electric  unit. 
This  air  unit  is  introduced  into  a  part  of  the 
subsequent  calculations  and  represents  ap- 
proximately what  the  machine  would  have  done 
had  an  electric  generator  been  attached  to  the 
turbine  instead  of  a  compressor.  The  figures 
derived  from  air  units  will  thus  be  more  fa- 
miliar to  electrical  engineers  than  those  de- 
rived from  the  air  kilowatt.  Though  the  meth- 
od of  testing  and  calculation  had  already  been 
agreed  and  accepted,  these  tests  are  of  such 
interest,  and  the  results  are  of  so  great  im- 
portance, that  other  methods  of  calculation 
have  been  used,  and  it  is  gratifying  to  know 
that  the  guarantees  are  fulfilled  independently 
of  the  method  of  calculation. 

The  conclusions  to  be  derived  from  this  re- 
port on  the  tests  is  that,  whilst  a  very  great 
advance  has  been  made  in  the  size  of  turbo- 
compressors,  this  advance  has  been  accom- 
panied by  another  great  advance  in  the  science 
of  design,  so  that  the  efficiency  is  now  at  least 
10  per  cent,  above  that  of  machines  previously 
constructed  by  the  same  designers.  From  the 
figures  given  it  is  probable  that  three-quar- 
ters of  the  energy  of  the  steam  is  convertible 
into  mechanical  work  on  the  shaft  of  the  tur- 
bine, and  of  the  work  on  the  shaft  two-thirds 
can  be  utilized  in  the  isothermal  compression 
of  air  with  compression  ratio  of  nearly  12. 
Thus  on  the  whole  there  has  been  an  increase 
from  a  conversion  of  little  more  than  40  per 
cent,  of  the  steam  energy  to  practically  50  per 
cent.  The  report  incidentally  shows  that  the 
orifice  method  of  measuring  air  and  water  is 
capable  of  being  used  with  an  accuracy  equiv- 
alent to  the  commercial  accuracy  of  electrical 
measurements.  There  is  no  doubt  that  meas- 
urements taken  in  this  way  are  so  accurate  that 
to  allow  a  tolerance  of  2^  per  cent,  for  ac- 
curacy   of    measurements    is    altogether    too 


great.  The  report  shows  the  facility  with  which 
steam  measurements  may  be  handled  when  the 
notion  of  the  steam  kilowatt  is  introduced,  and 
the  use  of  the  Mollier  diagram  when  converted 
to  read  steam  energy  directly  in  kilowatt  hours 
per  pound  of  steam  gives  immensely  increased 
power  of  thought  in  all  questions  of  turbine 
economy  as  compared  with  the  use  of  ordin- 
ary steam  tables. 


A  SAFETY  FIRST  TUNNEL 

Out  in  the  Cascades  the  Chicago,  Milwaukee 
and  St.  Paul  Railroad  has  just  completed,  af- 
ter two  years'  work,  a  12,000-foot  bore  through 
the  granite  and  slate  of  the  mountains  with- 
out the  loss  of  a  single  life.  The  St.  Gothard 
tunnel  in  Switzerland,  which  is  similar  to  the 
St.  Paul's,  took  eight  years  to  build  and  cost 
800  lives.  The  St.  Paul  people  have  called 
their  new  tunnel  the  "lucky  tunnel."  During 
its  construction,  which  took  three  years  less 
time  than  had  been  at  first  calculated,  giant 
air  compressors  kept  the  bore  supplied  with 
fresh  air,  while  pulmotors,  oxygen  helmets, 
and  every  other  safety  device  obtainable  were 
employed  to  protect  the  men.  The  tunnel  has 
been  misnamed.  It  was  not  luck  that  made 
possible  the  completion  of  such  a  work  with- 
out the  sacrifice  of  a  human  life.  It  was  a 
strict  adherence  to  the  principles  of  "safety 
first,"  and  the  result  excellently  serves  to  il- 
lustrate what  can  be  accomplished  when  a  real 
serious  effort  is  made  to  throw  every  safeguard 
possible  around  men  engaged  in  hazardous  un- 
dertakings. So  rather  let  the  St.  Paul  name 
the  bore  through  the  Cascades  the  "safety 
first   tunnel." — Exchange,    Unidentified. 


TWO  KINDS  OF  CUT  SUGAR 

In  the  modern  manufacture  of  "cut  loaf" 
sugar,  the  "loaf"  being  a  reminiscence  of  the 
older  days  when  sugars  were  first  made  in 
loaves  and  then  broken  into  pieces,  the  sugar 
is  made  in  the  ordinary  way  by  the  vacuum 
pan  process,  with  large  crystals  and  this  large 
crystalled  sugar  is  then  moistened  with  a 
liquor  or  syrup  made  of  pure  white  sugar  and 
this  is  sprinkled  in  among  the  crystals  to  se- 
cure a  certain  degree  of  stickiness,  or  of  adhe- 
sion of  the  crystals  to  each  other,  and  the 
mass  of  sugar  is  then  made  into  thin  plates  of 
about  three-quarters  of  an  inch  thickness  and 
then  dried  by  artificial  heat.     In  this  way  the 
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brilliancy  of  the  crystals  is  maintained  and  the 
sugar  then  is  cut  up  into  the  little  blocks  with 
which  we  are  familiar,  certain  indentations  in 
the  moulds  directing  the  lines  of  cleavage,  and 
we  have  the  first-class  cut  loaf  sugar. 

In  order  to  turn  out  a  cheaper  production 
there  was  invented  a  machine  for  making -com- 
pressed cubes  out  of  sugars  from  the  centrifu- 
gals, generally  of  rather  a  small  grain,  and 
letaining  some  of  the  moisture  which,  with 
the  compression  in  the  cube  si4;;ir-making  ma- 
chines, made  it  possible  to  turn  out  the  little 
compressed  cubes  with  a  smooth  surface  with 
which  we  are  all  familiar. 


NOTES 

The  New  York  Public  Library  has  recently 
published  a  34  page  pamphlet  containing  a  list 
of  works  relating  to  oxy-acetylene  welding 
which  may  be  found  in  the  library.  The  ar- 
rangement is  chronological  by  date  of  publica- 
tion from  1893  to  October,  1914,  and  specifies 
487  books,  pamphlets,  magazine  articles,  etc., 
indexed  both  by  subjects  and  authors. 


Over  one-fourth  of  a  factory's  yearly  coal 
bill  is  directly  controlled  by  the  firemen.  In 
New  England  a  single  fireman  will  burn  $40  to 
$50  worth  of  coal  a  day  in  a  500  horse-power 
plant.  That  is  $12,000  to  $15,000  worth  of  coal 
a  year.  This  man  receives  from  $1.75  to  $2.50 
per  day  for  his  work.  Depending  upon  the 
skill  with  which  he  handles  his  shovel,  he  will 
waste  or  save  $3,000  to  $4,000  a  year  of  his 
firm's  good  money. 


The  new  third  lock  of  the  St.  Mary's  Falls 
canal  system,  said  to  be  the  longest  lock  in  the 
world,  was  formally  opened  to  navigation, 
Oct.  21.  The  lock  is  1,250  ft.  long,  80  ft.  wide 
and  23  ft.  deep.  Its  construction  was  begun  in 
1908,  and  the  cost  is  given  as  $6,250,000. 


A  well-deserved  and  too  seldom  accorded 
honor  is  to  be  given  to  engineers  by  the  Balti- 
more and  Ohio  Railroad.  The  four  tunnels 
on  the  Magnolia  Cut-ofif  between  Orleans  and 
Little  Cacaton,  West  Virginia,  are  to  be  named 
after  four  of  the  road's  chief  engineers :  James 
L.  Randolph,  J.  M.  Graham,  D.  D.  Carothers 
and  Francis  Lee  Stewart. 


The    following    is    the    record    of    heading 
progress   on   the  Rogers   Pass   Tunnel   of   the 
Canadian   Pacific   Ry.   for   November : 
East  end,  center  heading,  588  ft.     Schist  with 

some    quartzite. 
East  end,  pioneer   heading,  529  ft.     Quartzite 

with   some   schist. 
West  end,  pioneer  heading,  817  ft.    Slate  with 

small    quartzite    bands. 
West  end,  center  heading,  654  ft.     Slate  with 
small   quartzite  bands. 

The  west  end  pioneer  heading  footage  is 
believed  to  be  the  American  record  of  rock- 
tunnel  progress.  This  heading  was  driven 
down  grade  through  rock  that  could  not  be 
broken  over  6  ft.  per  round.  The  best  day's 
progress  was  yi  ft.  Joseph  Murphy  is  As- 
sistant Superintendent  at  the  east  end,  and 
Joesph  Fowler  is  Assistant  Superintendent  at 
the  west  end;  A.  C.  Dennis,  Superintendent; 
Foley  Bros.,  Welch  &  Stewart,  contractors. — 
Eng.  News. 


Ebensburg  No.  i  mine  of  the  Ebensburg 
Coal  Co.,  at  Colver,  Penn.,  for  the  month  of 
October,  produced  102,700  net  tons.  This  is 
remarkable,  when  it  is  considered  that  this  is 
from  a  single  opening,  and  the  seam  of  coal 
only  3^  ft.  high. 


What  is  said  to  be  the  largest  stack  in  the 
construction  of  any  office  building  is  that  of 
the  Equitable,  New  York  City.  It  is  ii  ft.  in 
diameter  and  596  ft.  high.  The  two  stacks  of 
both  the  Campania  and  the  Lucania,  of  the 
Cunard  Line,  were  each  21  ft.  in  diameter. 


Cost  of  working  a  900-hp.  Diesel  engine  at 
the  Anheuser-Busch  brewery,  St.  Louis,  totals 
0.6506c.  per  kilowatt-hour  as  follows :  fuel  oil, 
0.2850c. ;  lubricating  oil,  0.0263c. ;  water, 
0.0388c. ;  supplies,  0.0043c. ;  labor,  0.2750c. ;  and 
maintenance  and  repairs,  0.0212  cents. 


Commercial  rubber  which  is  kept  in  per- 
fectly dry  air  is  not  capable  of  furnishing 
nutriment  to  any  form  of  microbe,  but  in  the 
presence  of  sufficient  moisture  it  may  be  at- 
tacked by  certain  bacteria  or  molds  which 
feed  on  albuminoids,  resins,  and  sugars.  Some 
microbes  form  red,  yellow,  brown,  or  black 
spots  on  rubber  without  sensibly  altering  its 
properties.  But  there  are  two  species  of 
Actinomyces  which  are  able  to  assimilate  the 
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hydrocarbon  of  rubber,  and  which  may  there- 
fore so  modify  its  properties  as  to  destroy 
its    value. — Scientific    American. 


The  value  of  carbonic  acid  gas  as  a  plant 
nutrient  has  been  the  subject  of  considerable 
recent  literature,  including  an  interesting  pa- 
per by  H.  Fischer,  describing  experiments  in 
Germany.  The  author  found  that  the  devel- 
opment of  both  foliage  and  flowers  was  stimu- 


lated by  an  excess  of  carbonic  acid  in  the  air, 
while  the  yield  of  tomatoes  was  doubled  and 
that  of  cucumbers  incrca.sed  12.5  per  cent  by 
carbonic  acid  treatment.  It  has  generally  been 
held  that  0.03  per  cent,  of  carbon  dioxide  in  the 
air  is  sufficient  for  plant  growth,  but  Mr.  Fisch- 
er thinks  that  more  than  this  can  be  utilized, 
provided  there  is  ample  light,  and  that  experi- 
ments in  this  direction  might  give  valuable  re- 
sults. 


Pneumatic  Patents  November  3 


LATEST  U.  S.  PATENTS 

Full  specifications  and  drawings  of  any  pat- 
ent may  be  obtained  by  sending  five  cents  {not 
stamps)  to  the  Commissioner  of  Patents, 
Washington,  D.   C. 

NOVEMBER  3. 

1,115,533.  BOILER-TUBE  BLOWER.  Roy 
Hart  WELL,    Marion,    111. 

1,115,556.  SOAP-BUBBLE-BLOWING  DEVICE. 
George   M.    Little,    Pittsburgh,    Pa. 

1,115,589.  APPARATUS  FOR  INJECTING  LI- 
QUIDS INTO  PNEUMATIC  TIRES.  Jacob 
J.  Seaman,  Winfield,  Kans. 

1,115,644-5.  AIR-BRAKE  MECHANISM.  John 
B.  Wright  and  Frans  O.  Lawson,  Greens- 
boro, N.  C. 

1,115,662.  FLUID-PRESSURE  CONTROL  DE- 
VICE. Leland  F.  Goodspeed,  MihvauJcee, 
Wis. 

1,115,670.  DEVICE  FOR  RAISING  SUNKEN 
VESSELS.     Flore  Hengye,  Joilet,  111. 

1,115,704.  PNEUMATIC  -  HAMMER  MUF- 
FLER.    Edward  Manes,  Golden,  111. 


1,115,767.  AIR-CONDITIONING  APPARATUS. 
Foree  Bain,  La  Grange,   111. 

1,115,770.  PNEUMATIC  -  DESPATCH  -  TUBE 
APPARATUS.  Birxey  C.  Batcheller,  Phila- 
delphia,  Pa. 

1,115,898.  HAMMER-DRILL.  Andrew  J.  Car- 
ter.  Victor,   Colo. 

1.115.941.  MANUAL  OR  FOOT-OPERATED 
AIR-PUMP.  Henry  Thomas  Hutton,  Donag- 
hadee,  Ireland. 

1.115.942.  CENTRIFUGAL  PUMP  AND  AIR 
COMPRESSOR.  Walter  Kieser,  Charlotten- 
burg.    Germany. 

1,115,985.  PNEUMATIC  HAMMER.  Lewis  E. 
Summers,  Detroit,   Mich. 

1,115,511.  SAFETY  DEVICE  FOR  PUMP- 
GOVERNORS.  Philip  L.  Crittenden,  Edge- 
wood,  Pa. 

1,116,021.  MILK-RELEASING  MEANS  •  IN 
VACUUM  -  OPERATED  :\IILKING  -  MA- 
CHINES. Joseph  Harvey  Cornish,  Barham, 
New   South  Wales.  Australia. 

1,116,136.  AUTOMATIC  AIR-BRAKE-OPER- 
ATING MECHANISM  FOR  RAILWAY- 
TRAINS.     Walter  R.   Shaw,  Bradford.   Pa. 

1,116,139.  DRILLING-:\L\CHINE.  Mather  W. 
Sherwood,   B^ranklin,   Pa. 

1,116,194.     VACUUM    -    PRODUCER.  John 

Wynn,  Jr..   Canton,   Ohio. 
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1,116,346.  FLUID-PRESSURE  ENGINE.  Wal- 
ter W.  Macfarren,  Pittsburgh,  Pa. 
1.  A  fluid  pressure  engine  comprising  in  com- 
bination, means  for  regulating  the  pressure  of 
the  entering  fluid,  and  means  operated  by  pres- 
sure derived  from  fluid  which  has  passed  the 
first  named  means  and  arranged  to  vary  the 
point  of  cut-off  in  such  relation  to  the  stroke  as 
to  permit  expansion  to  be  carried  substantially 
to  a  uniform  point  before  exhausting. 

NOVEMBER   10. 

1,116,368.     VACUUM   UNIT-VALVE.      Miles   E. 

Bell.  Minneapolis,  Minn. 
1,116,374.     VACUUM       PISTON       MECHANISM 

FOR      LOCOMOTIVE       DRIFTING-VALVES. 

Joseph  Billtngham  and  Charles  F.  Kahler, 

Schenectady,  N.  T. 


1,116,708.         MILKING-MACHINE    OPERATED 

BY    COMPRESSED     AIR     OR     THE     LIKE. 

Frans  J.  Johansson,  Stockholm,  and  Emil  A. 

O.    GoTHE,   Nynashamn,    Sweden. 
1,116,720.      METAL     -     CASTING         MACHINE. 

James  J.  McGuire,  Newark,  N.  J. 
1,116,777.     REDUCING     SYSTEM.       Milton    F. 

Williams,  St.  Louis,  Mo. 
1,116,819.         FLUID    -    OPERATED        BRAKE. 

George  E.  Hottenstein  and  Robert  Z.  Farm- 

1,116,850.  SUCTION  CLEANING  DEVICE. 
George  C.   Schmitz,  Racine,  Wis. 

1,116,862.  PNEUMATIC  CONVEYING  DE- 
VICE. William  Wallace  Wotherspoon,  New 
York,  N.  Y. 

1,116,938.  FLUID-FLOW  METER.  LUCIAN  A. 
Sheldon,   Schenectady,   N.   Y. 
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1,116,389.  PUMPING  MECHANISM.  Charles 
W.  Collins,  Tiffin,   Ohio. 

1,116.414.  DEVICE  FOR  PREVENTING 
WATER-HAMMER.  Robert  D.  Gould,  Su- 
perior, Wis. 

1,116,437.  AUTOMATIC  TRAIN-STOP.  El- 
mer M.  Jones,  Atlanta,  Ga. 

1,116,445.  AUTOMATIC  SAFETY  DEVICE. 
Edmund  John  Laclaik,   Providence,   R.   I. 

1,116,505.  SAND-BLAST  APPARATUS.  Wil- 
liam W.  Sly,  dcoasf'd,  Clovfland,  Ohio,  by 
Wilfred  C.  Sly,  administrator,  Cleveland,  Ohio. 

1,116,519.  PERCUSSIVE  HAMMER,  DRILL. 
AND  THE  LIKE.  William  Henry  Wakfer, 
South  Norwood,  England. 

1,116,530.  PNELTMATIC  MUSICAL  INSTRU- 
MENT.    Harry   J.   Andp:rson.   Chicago,   111. 

1,116.564.  AIR-BRAKE  SYSTEM  AND  AP- 
PARATUS. Niels  A.  Chkistensen,  Milwau- 
kee   Wis 

1,116,639.  VALVE  FOR  ORGAN-BLOWERS. 
Ira  H.  Spencer,  West   Hartford,  Conn. 

1,116,647.  AIR-WASHER.  Guy  P.  Thurber. 
Pittsburgh.  Pa. 

1,116.675.  AIR-GUN.  Edgar  P.  Cook,  Gran- 
ville,  Ohio. 


1,116,998.  PUMP  CONTROL.  Mblvin  D. 
COMPTON,  New  York,  N.  Y. 

1.  A  pneumatic  device  comprising  the  combi- 
nation of  an  air  compressor  and  an  air  line,  a 
driving  clutch  for  the  compressor,  a  diaphragm 
for  throwing  the  clutch,  reversely  acting  check 
and  relief  valves  and  their  ports  for  admitting 
and  exhausting  air  to  and  from  the  diaphragm, 
and  means  for  constantly  exposing  said  valves 
to  the  air  pressure  in  the  line,  whereby  the  com* 
pressor  is  automatically  run  when  the  air  pres- 
sure is  below  a  certain  limit  and  is  automati- 
cally stopped  when  the  air  pressure  is  above  a 
certain  limit. 
1,117.001.     AIR-PUMP.  James  K.  Dalton.  Wav- 

erly,  Ohio. 
1,117,057.      AIR  -   SPRING  AND  SHOCK  -  AB- 
SORBER.     John    Kohner.    Lewiston,    Minn. 
1,117,119.      SAND-TRAP.      William    H.    White, 
Roanoke,   Va. 

NOVEMBER  17. 

1,117.254.  FLUID-PRESSURE  BRAKE  SYS- 
TEM.    William  H.  Sauvage,  New  York,  N.  Y, 

1.117,267.  VACUUM  REGULATION.  Homer 
Clyde   Snook,   Philadelphia,   Pa. 
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1,117,289.  TRIPLE  VALVE.  Willis  C.  Web- 
ster,  Dubois,   Pa. 

1,117,307.  FLUID-OPERATED  TOOL.  LEWIS 
C.  Bayles,  Easton,  Pa. 

1,117,329.  TIRE  -  PRESSURE  INDICATOR 
AND  ELECTRIC  SIGNAL.  Charles  C. 
Cleveland,   Boulder,  Colo. 

1,117,394.  AIR  COMPRESSING  AND  STOR- 
ING  SYSTEM.      Nels   Joleen,   Chicago,    111. 

1,117,461.  ROTARY  COMPRESSOR.  Frank 
S.  Stritb,  Seattle,  Wash. 

1,117,548.  SUCTION  SUPPORTING  DEVICE. 
August  Bouchery,  New  York,  N.  Y. 

1,117,554.  DRILL-PULLER.  HowisON  CROUCH, 
Grass  Valley,  Cal. 

An  attachment  for  a  hammer  rock  drill  com- 
prising a  flexible  member  provided  at  one  end 
with  means  for  gripping  the  shank  of  a  drill 
steel  and  at  the  other  end  with  a  bracket  arm, 
the  end  of  which  Is  bent  at  an  angle  and 
adapted  to  be  inserted  Into  the  drill  socket  of 
the  rock  drill  so  that  upon  supporting  the  rock 
drill  in  reversed  position  and  reciprocating  the 
hammer  thereof,  the  impact  of  the  latter  will 
exert  a   pulling  force  upon   the   drill   steel. 


1,117,750.         SAFETY         LOCKING         DETVICB. 

CiiAULKS   V.   Albrbcht,   C]f;Vf;land,   Ohio. 

1.  A  fluid  prr.s.sure  operated  tool  comprl.slng, 
In  combination,  a  barrel  or  cyllndf^r,  a  handle 
for  said  barrel  or  cylinder  provided  with  a  pas- 
sagew^ay  for  pres.su re  fluid,  a  valve  In  said  han- 
dle adapted  to  control  the  flow  of  fluid  through 
such  passageway,  a  trigger  carried  by  the  han- 
dle for  operating  the  valve,  a  device  adapted  to 
engage  the  valve  and  block  It  against  movement 
by  the  trigger,  means  for  retaining  .said  device 
In  blocking  position,  and  a  spring  arranged  to 
move  said  device  out  of  valve-blocking  position 
when  the  said  device  Is  released. 
1,117,784-5.      MEANS        FOR        HUMIDIFYING 

ARTIFICIALLY-HEATED   AIR.      Addison   A. 

Cardwell,  Rye,  N.  Y. 
1,117,786.         REFRIGERATING      APPARATUS. 

Carl  A.  V.  Carlsson,  Washington,  D.  C. 

1.  The  combination  with  an  air  circulating  re- 
frigerating system,  employing  high  and  low  air 
pressures,  and  a  source  of  supply  therefor,  of 
means  automatically  operated  by  the  air  pres- 
sure difference  between  the  "high"  and  "low" 
parts  of  said  system  adapted  to  control  the  air 
pressure  supply  and  circulation  of  said  system. 
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1,117,581.     HYDRAULIC   AIR-PUMP.      Herman 

E.  Kruecke,  Milwaukee,  Wis. 
1,117.605.     ORGAN-BLOWER.         Abraham       J. 

Schantz,  Orrville,  Ohio. 
1,117,644.     APPARATUS       FOR       GRANULAT- 
ING   MOLTEN     SLAG.      Robert   Donaldson, 
Cleveland,   Ohio. 

1.  In  an  apparatus  for  treating  liquid  slag,  a 
trough  including  a  plurality  of  stepped  Inclines, 
and  means  for  discharging  treating  streams  of 
fluid  over  and  above  said  Inclines  to  disintegrate 
the  slag  material  and  accelerate  the  flow  of  the 

1,117,679.  PNEUMATIC  TOOL.  Fitz  James 
Lewis,   Empire,    Canal    Zone. 

1,117,682.  SUPPLEMENTARY  AIR  -  SUP- 
PLYING DEVICE  FOR  AUTOMOBILE-EN- 
GINES AND  THE  LIKE.  Edward  M.  Lynch, 
St.  Louis,  Mo. 

1,117,708.  VACUUM  AIR-PUMP.  Paul  Schou, 
Copenhagen,    Denmark. 


1,117,911.     AIR   -    COMPRESSOR.        James      O. 

Rogers  and  W^illiam  H.  Nevin,  Denver,  Colo. 
13,826.      (Reissue).     PNEUMATIC  TOOL.  John 

F.   Clement,    Philadelphia,   Pa. 

NOVEMBER  24. 

1,118,053.     FLUID-PRESSURE    MOTOR.     Mon- 
tague H.  Roberts,   Providence,   R.  I. 
1,118,095.     GAS    PRODUCER   AND    COMPRES- 
SOR.       Emmanuel     Felix     Aumoxt.      Paris, 
France. 
1,118,183.     BLOWPIPE   APPARATUS.    Worthy 

C.   Bucknam,  Jersey  Citv.   N.   J. 
1,118,189.      PNEUMATIC    SELF-PLAYING    MU- 
SICAL INSTRUMENT.  Lewis  B.  Doman,  El- 
bridge,  N.   Y. 
1,118,200.     HUMIDIFIER.     John  I.  Hatnes,  St. 
Louis,  Mo. 

1.  A  device  for  the  purpose  described  that  is 
adapted  to  be  used  with  an  electric  fan,  said  de- 
vice  comprising  a   tank   for   holding  a   bath,   an 
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einHess  strip  of  fabric  arranged  to  travel  through 
said  bath,  and  a  dri\ing  m«  chanisni  for  mov- 
ing said  strip  provided  with  means  that  is 
adapted  to  be  engagt>d  by  the  bhide  of  tlie  fan. 
l,nS.J4!t.  PXI-n^MATIC  ACTION  I^^OR  MUSI- 
CAL IXSTRrAII?:NTS.  EUGENK  T.  Tuuney. 
Roclv  Island.  111. 
l,llS.L'r>T-.S.      MILKIXC.-MACHINE.     OsCAR     An- 

PEHSox.  Chicago,   III. 
l.llS.L'Cl.      PxXKUArATIC     PLAYING     ATTACII- 
MEXT       FOR       AirSICAL       INSTRUMENTS. 
RouKKT  J.    Bexnktt.    Mdline.   111. 
l.llS.i^tiS.      TRACK    -    DRILLING         MACHINE. 

Chaules    B.    Coates.   Chicago,    111. 
1,11S.1'94.      PNEU^L\TIC      ACTION      FOR      AU- 
TOMATICALLY-OPERATED    MUSICAL     IN- 
STRUMENTS.       RiCHAUD    A.    Leadbeter,    De- 
troit.  -Mich. 


1,118,551. 
TUBES. 


APPARATUS         FOR         FEEDING 
William  H.  Honiss,  Hartford,  Conn. 


1.  The  combination,  in  tube  feeding  inechan- 
ism.  o;  a  pneumatic  gripping  device  for  holding 
tiie  tube,  a  movable  pneumatic  feeding  device  for 
advancing  the  tube,  means  for  alternately  oper- 
ating said  devices  to  grip  and  release  the  tube, 
and  ni:ans  for  moving  the  said  feeding  device 
while   it  grips  the  tube. 

1,118,552.  PROCESS  OF  PNEUMATIC  FEED- 
ING.     William    H.    Honiss,    Hartford.    Conn. 

1,118.737.  AUTOMATIC  COMPRESSION  RE- 
IRIGERATING  APPARATUS.  George  P. 
Cauholl,    Bridgeport,   Conn. 

1,118,786.      PNEUMATIC        WHEEL.  JOSEPH 

Laus,   Jr.,   Oshkosh,    Wis. 


<^n> 
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1,118,297.      FLUID-MOTOR    AND    RETARDING 
DEVICE    THEREFOR.      James    F.    McElroy, 
Albanv,    N.    Y. 
l,]lS.:{r,7.      COMPRESSING      GASES      OR      VA- 
PORS.     (JusTAV    Pagel,    B'  rlin,    Germany. 
1.   A   centrifugal   gas-compn-ssing  pump  of   the 
water-throwing    type,    provided    with    a    directing 
ring   or  annulus    in    which    no    transformation    of 
velocity    into    pressuK'    oceurs,    and    a    surround- 
ing   spiral    casing    which    increases    in    cross-sec- 
tional   area   toward    the   point   of   final   discharge 
for   effecting   such    trans' ormation. 
1.118,3r,8.      AIR   STARTING    MECHANISM   FOR 
OIL-EXGINES.      Otto    I-'.    Peusson,    Eiie,    Pa. 
1,118,374.         FLUID    -    DISPLACING         MOTOR. 
Antho.ny   R.   Silvekstox,   Milwaukee,   Wis. 
1.   In   a    device  of   the   character   described,    the 
combination   with   a   motor  embodying  a   station- 
ary'   mf-mber    and    a     .second     meinber     revolving 
about    the    first    said    member,    of    a    plurality    of 
propeller  blades  mounted  on  said  revolving  mem- 
ber,   and    means    for    varying    the    pitch    of    said 
blades   on    said    revolving   member. 

1.118,443.  MEANS  FOR  CHANGING  THE 
OUTPUT  OF  CENTRIFUGAL  COMPRES- 
SOR.S.     Richard  H.  Rk>:.  West  Lynn,  Mass. 


1,118,886.     AIR-BRAKE     APPARATUS.       John 

W.    BiNGLEY,    Watertown.    N.    Y. 

1.  The  combination  of  a  triple  valve  of  an 
automatic  air  ])rake  apparatus  having  an  emer- 
gency valve  coiiti'olling  a  vent  passage  from  the 
train  pipe  and  itself  controlled  by  the  triple 
valve  piston  and  valves  actuated  thereby ;  v/itli 
a  controlling  valve  for  thr»  train  pipe  vent  pas- 
sage governed  by  variations  in  train  pi.oe  rres- 
sure  independently  of  the  triple  valve  ju.ston  and 
parts  actuated  thereby  substantially  as  and 
for  the  purpose  described. 
1,118,893.      TOOL-ACTUATING       MECHANISM. 

Albert    Ball   and    Henry    H.    Mercer,    Clare- 

mont,   N.    H. 

1.  Tool  actuating  mechanism  comprising  a 
main  frame,  a  standard  rising  thereof  njin.  a 
frame  mounted  upon  said  standard  and  vertical- 
ly adjustable  thei-eon,  tool  holding  me\ns  mount- 
ed for  reciprocation  ui)on  said  frame  and  hav- 
ing a  fluid  receiving  chamber,  a  working  cylin- 
der operatively  connected  to  said  tool  holding 
means  and  in  fluid  connection  with  said  receiv- 
ing chamber,  a  piston  mounted  in  said  cylinder, 
a  motor  mounted  independently  of  said  frame 
and  driving  connections  between  said  piston  and 
.said   motf»r. 
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EAST   PORTAL. 


MAKING  AND  BREAKING  TUNNEL  RECORDS 

A  double  track  tunnel  five  miles  long  is  be- 
ing driven  through  the  Selkirk  mountains,  at 
Rogers  Pass,  B.  C,  for  the  Canadian  Pacific 
Railway.  The  tunnel  forms  a  portion  of  a 
new  line  construction  18.6  miles  long  which 
will  bring  important  advantages.  It  saves  4.^1 
miles  of  actual  distance.  While  it  does  not 
reduce  the  ruling  grade  of  2.2  per  cent,  it  re- 
duces the  length  of  this  grade  from  21  to  12 
miles  on  the  east  approach,  and  from  25  to 
17  miles  at  the  west  end.  It  also  eliminates 
552  feet  of  rise  and  fall  and.  while  the  maxi- 
mum curvature  remains  10  degrees,  there  are 
only  three  such  curves  on  the  new  line  in 
place  of  a  large  number  on  the  old  line,  and 
2,600  degrees  of  central  angle  is  eliminated. 
The  saving  in  snow  sheds,  and  also  m 
bridges  and  viaducts  is  another  important  fea- 
ture. 

The  new  construction  having  been  decided 
upon,  the  promised  savitig  in  operating  four  to 
eight  transcontinental  passenger  trains  and  a 
dozen   through   freight  trains  daily  made  rap- 


FIG.  2.      WEST  PORTAL. 

idity  of  construction  imperative,  and,  as  all 
depended  upon  the  tunnel,  time  limits  were 
set  the  contractors  with  large  bonuses  for 
quicker    completion.  , 

The  tunnel  will  be  one  with  records  of  its 
own  in  more  than  one  particular.  It  will  be 
the  longest  tunnel  on  the  American  continent, 
being  more  than  a  quarter  of  a  mile  longer 
than  the  Hoosac  tunnel ;  also,  as  will  appear, 
in  driving  the  main  tunnel  in  this  case,  neither 
the  top  heading  method,  most  familiar  in 
American  practice,  nor  the  European  bottom 
heading  is  used,  but  instead  a  central  heading 
is  driven  first  with  a  breaking  of  the  rock  all 
around  this  center  for  the  full  tunnel  sec- 
tion. 

Another  record  for  this  tunnel  work  is 
the  building  of  a  pioneer  parallel  tunnel  at  the 
contractor's  expense  with  crosscuts  into  the 
main  tunnel,  thus  giving  more  faces  to  work 
at,  greater  facilities  for  removing  the  spoil  and 
the  general  avoidance  of  the  usual  delays. 
That  it  was  a  wise  expedient  the  result  al- 
readv   shows.     Bv   this   method    work   can    be 
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pushed  from  several  faces  at  once  without 
interference.  It  is  possible  also  to  do  all 
blasting  ahead  of  the  shovels,  so  that  they  can 
be  operated  continuously.  Air  lines  are  car- 
ried through  this  pioneer  tunnel  where  there  is 
only  slight  danger  of  their  being  broken  ;  all 
drainage  is  removed  by  the  same  outlet,  that 
at  the  west  or  up  grade  end  being  handled  by 
booster  pumps,  with  a  portable  pump  on 
wheels  at  the  face  of  the  heading. 
*  The  construction  work  was  actually  begun 
September,  1913,  and  it  was  estimated  that  by 
the  ordinary  methods  it  would  require  four 
years  to  complete  the  job,  and  it  appears  at 
the  present  writing  that  at  least  a  year  of 
this  construction  time  will  be  saved. 

The  pioneer  tunnel  is  6^  by  9  ft.  in  section, 
and  is  driven  from  each  end,  not  so  that  these 
will  ultimately  meet,  but  each  about  50  ft.  to 
the  right  of  the  main  tunnel,  and  with  the 
floor  7ft.  above  the  final  grade.  Cross  cuts 
are  driven  to  the  center  of  the  main  tunnel 
at  intervals  of  about  %  mile,  and  center  drifts 
II  by  8  ft.  are  then  driven  up  grade  on  the 
center  line  of  the  main  tunnel,  with  the  bot- 
tom of  these  drifts  also  7  ft.  above  the  final 
grade.  The  rock  is  then  driled  and  broken  on 
all  sides  of  the  drift,  and  after  shooting  the 
material  is  loaded  by  air  operated  shovels  into 
small  cars  and  removed  through  the  pioneer 
tunnel.  Muck  will  not  be  brought  out  through 
the  pioneer  tunnel  portals  after  the  full  tun- 
nel section  has  advanced  beyond  the  first  cross- 
cut, as  the  1/2  yd.  dump  cars  from  the  pioneer 
base  can  then  dump  most  conveniently  into 
the  12  yd.  cars  used  to  serve  the  steam  shovel. 

The  operations  being  identical  at  each  end 
of  the  tunnel  complete  duplicate  power  plants 
have  been  installed.  At  each  end  ventilation 
is  provided  by  a  Connersville  ventilating  fan, 
with  a  capacity  of  3,000  cu.  ft.  of  air  per 
min.  This  air  is  delivered  through  the  pio- 
neer tunnel  tf)  the  various  fans  in  the  main 
bore  end  to  the  pioneer  heading.  A  second 
fan  located  near  the  portal  of  the  pioneer 
heading  assists  in  drawing  the  foul  air  out 
from   the   fans. 

Two  lngerso]l-Ran<l  compressors  with  ca- 
pacities respectively  of  2.200  and  i.ioo  cu.  ft. 
of  free  air  per  min..  provide  the  power  for 
operating  drills,  shfnels  and  other  tools  work- 
ing at  1 10  lb.  pressure.  A  third  compressor 
with  a  capacity  of  750  cu.  ft.  compresses  air 
to    r.ooo  lb.   frjr  operating  the    16  ton   locomo- 


tive used  in  hauling  the  muck.  A  similar  loco- 
motive, but  weighing  only  10  tons,  is  em- 
ployed at  the  east  or  down  grade  end  of  the 
tunnel.  All  of  these  various  units  at  each 
end  are  driven  b}-  fi\e  150  h.p.  coal  fired 
boilers. 

The  rock  so  far  has  been  schist,  slate  and 
quartzite,  and  it  is  expected  that  no  other 
material  will  be  found.  The  quartzite  is  ex- 
tremely hard  and  drilling  progress  is  slow,  al- 
though it  is  advantageously  broken  up  by  the 
powder.  The  schist,  which  seems  to  predom- 
inate so  far,  is  comparatively  easy  to  drill,  but 
is  so  tough  that  a  second  shooting  is  nearly  al- 
ways required. 

The  full  section  will  be  drilled  from  the 
center  heading  by  piston  drills,  but  on  the 
pioneer  bore,  where  speed  is  the  primary  con- 
sideration, Leyner-Ingersoll  drills,  using  i^ 
in.  steel  are  used  exclusively.  Leyner  drill 
sharpeners  are  used  with  oil  furnaces,  this 
fuel  being  found  more  economical  for  the 
purpose  than  coal.  The  shanks  are  tempered 
in  oil  and  the  bits  in  water.  In  the  pioneer 
heading  three  drills  are  mounted  on  a  bar, 
and  holes  are  sunk  to  a  depth  of  6  feet.  The 
rounds  each  have  from  22  to  28  shots,  and 
four  rounds  are  usually  fired  for  three  eight 
hour  shifts,  although  five  rounds  and  even  six 
are  sometimes  fired  within  the  same  time. 
There  is  no  cessation  of  the  work  for  a  min- 
ute,  day  or  night  or   Sunday. 

A    NEW    TIME   RECORD. 

As  might  have  been  expected  from  the 
special  inducements  in  the  case,  the  arrange- 
ments which  these  stimulated  and  the  up-to- 
date  apparatus  employed,  unusual  progress  is 
being  made  in  this  work.  In  July,  1914,  715  ft. 
of  pioneer  heading  was  driven  at  the  east  end 
alone.  For  November,  1914,  the  advance  was 
as   follows  :  1 

East  end  main    center    heading 588  ft. 

I'^ast  end  pioneer   heading    529  ft. 

West  end  main    center    heading 654  ft. 

West  end  pioneer    heading    817  ft. 

The  last  figure  given  is  believed  to  be  the 
American  recf)rd  of  tiuincl  i)rogress.  This 
pioneer  heading  was  driven  down  grade 
through  rf)ck  that  could  not  be  broken  over  6 
ft.  j)er  round.  The  best  day's  advance  was 
37    ft. 

In  I'ig.  2  the  advance  day  by  day  is  plotted 
to  include  Dec.  i.  which  gives  a  total  advance 
of  852  feet   for  31  days.      I 'or  the  31  days  com- 
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prising   the    month    of    December   the   advance 
was  852  ft. 

'I'he  entire  line  construction  is  being  done 
for  the  Canadian  Pacific  Railway,  of  which 
J.  G.  Sullivan  is  chief  engineer;  F.  F.  Bus- 
teed,  in  charge  of  construction,  British  Co- 
lumbia division,  and  J.  W.  Sheppard,  assistant 
engineer  in  charge  at  the  tunnel.  The  con- 
tract for  the  tunnel  is  held  by  Foley  Broth- 
ers, Welch  &  Stewart,  for  whom  A.  C.  Den- 
nis is  superintendent  and  T.  Truran  master 
mechanic.  J.  Murphy  is  assistant  superinten- 
dent in  charge  at  the  east  portal  and  J.  Fowler 
assistant  superintendent  at  the  west  end. 
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FIG.     3. 

THE  HIGHEST  AND  LOWEST  TEMPERA- 
TURES IN  THE  ATMOSPHERE 

J  he  classic  example  of  extreme  hot  weather 
is  the  temperature  reading  of  127.4  deg.  Fahr., 
recorded  at  Ouargla,  an  oasis  in  the  Algerian 
Sahara,  on  July  17th,  1879.  It  must  not  be 
supposed,  however,  that  this  is  the  highest 
temperature  ever  known  to  have  occurred  in 
the  atmosphere.  It  is  merely  the  maximum 
ever  measured  by  the  shaded  thermometer  of 
a  regular  meteorological  station.  In  the  in- 
terior desert  region  of  New  South  Wales  the 
traveler  Stuart  once  measured  131  degrees  in 
the  shade.  Griffiths,  in  his  "Travels  in  Ara- 
bia," mentions  having  observed  the  heat  dur- 
ing land  winds  to  reach  132  degrees  in  the 
shade,  and  156  degrees  in  the  sun.  In  this 
connection  it  should  be  remarked  that  readings 
of  a  thermometer  "in  the  sun"  are  entirely 
unreliable,  because  the  instrument  is  directly 
heated  by  the  sunshine,  and  no  longer  rec- 
ords   the    temperature    of    the    air    around    it. 


In  tiif  .\orihcrn  Circars   (India)   the  tempera- 
lure    (ju    one    occasion    is    reported    to    havt 
stood  at    108  degrees  at  midni)^lit,  anrl  at    112 
degrees    at   8    A.    M.      Xight    temperatures   ol 
roo    degrees    and    more    are    common    in    the 
Arabian  desert.  The  most  extraordinary  shade 
temperature  on  record  is   167  deg.  Fahr.,  said 
to  have  been  observed  in  the  De.sert  of  Gobi. 
but    this  observation   is   certainly  questionable. 
LOW   tempp:ratures. 
At   the   opposite   end   of  the   scale   we   have 
the    famous    reading   of   90.4   deg.    below   zero 
Fahr.  recorded  at  Verkhoyansk,  Siberia,  Janu- 
ary 15th,  1885.     This  often  quoted  record  has, 
however,    been    beaten    recently    at    the    same 
place,    with    a    reading   of  97.6   degrees   below 
zero.      The    excessive    cold    prevailing    in    this 
part  of  Siberia  in  winter  is  the  more  remark- 
able  when   we  consider  that   the   same   region 
occasionally   has    temperatures    as   high    as   88 
degrees  above  zero  in  summer — a  range  of  186 
degrees !     The   summer   is   about  two  months 
long,  and   its  hot   days  thaw  the  ground  to  a 
depth  of  about  3  feet.     Verkhoyansk  would  be 
uninhabitable  in  winter,  but  for  the  fact  that  it 
never  experiences  much   wind   at   that  season. 
Another  "winter  cold-pole"  appears  to  lie  over 
Nova   Zembla.     A  mmimum  thermometer   left 
here  by   an   Austrian   expedition   in    1872   was 
found    many    years    later    to    have    registered 
a    temperature    of    95.8    degrees    below    zero. 
The    lowest    average    temperature    throughout 
the   year    is    found    in    Antarctica,    though   the 
winter   temperatures   here   do   not   fall    so  low 
as  those  above  mentioned.     The  minimum  in- 
dividual temperature  reading  thus  far  reported 
from  the  Antartic  is  73,-3  degrees  below  zero, 
observed  by  Amundsen's  expedition  on  August 
13th,  1911. 

The  absolute  minima  of  temperature  hereto- 
fore measured  in  the  atmosphere  were  not, 
however,  found  near  the  earth's  surface,  but 
at  an  altitude  of  several  miles,  and  the  meas- 
urements were  obtained  with  self-registermg 
thermometers  attached  to  "sounding  balloons." 
The  "record"  up  to  date  is  133  deg.  below  zero 
Fahr..  and.  strange  to  say.  this  extremely 
frigid  temperature  was  found  about  10  miles 
above  the  Island  of  Java,  only  a  few  degrees 
of  latitude  from  the  equator.  A  temperature 
of  119  degrees  below  zero  has  been  measured 
almost  exactly  over  the  equator  in  Central 
Africa,  at  an  altitude  of  12  miles. — Scientific 
.J  incrican. 
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A  NEW  ENTRY   DRIVING   MACHINE 

BY    A.    H.    GIBSON. 

One  feature  of  coal  mining  which  is  admit- 
tedly dangerous  and  undesirable  is  the  use  of 
explosives.  The  only  reason  for  their  em- 
ployment and  the  risk  entailed  when  they  find 
their  way  into  ignorant  or  careless  hands,  is 
economy.  If,  however,  their  use  could  be  en- 
tirely eliminated  without  decrease  of  output 
or  increase  of  cost,  and  without  introducing 
other  and  perhaps  more  grave  dangers,  the 
safety  of  coal  production  would  be  considera- 
bly enhanced,  while  the  occupation  of  coal  min- 
ing would  become  more  attractive  to  the  com- 
ing generation. 

At  the  present  time  this  improvement  in 
means  and  methods  is  applicable  to  the  driv- 
ing of  entries.  It  is  alleged  that  the  Ingersoll- 
Rand  "Heading  Machine,"  "Entry  Cutter"  or 
"Cutter  and  Loader,"  as  it  is  variously  called, 
accomplishes  this  result.  The  machine  in  ques- 
tion is  not  new,  having  been  in  existence  for 
some  six  years  and  having  cut  many  miles  ot 
entry.  It  has  now,  however,  arrived  at  the 
status  where  its  endurance,  performance  and 
possibilities  are  known  quantities  which  can 
be  thoroughly  proven  on  a  commercial   scale. 

The  principle  and  operation  of  this  machine 
may  be  clearly  understood  from  reference  to 
the  accompanying  drawings.  Figs,  i  to  4.  Fig. 
I  represents  the  device  ready  for  undercutting. 
The  machine  itself  consists  of  a  powerful 
compressed-air  coal  puncher  mounted  upon  a 
carriage  and  under  the  control  of  the  operator. 
A  lever  elevates  or  depresses  the  puncher  pick. 
Another  lever  moves  it  from  rib  to  rib  by 
means  of  a  small  air  engine,  while  a  third 
lever  moves  the  whole  puncher  together  with 
its  truck  bodily  toward  or  away  from  the 
face,  the  conveyor  remaining  stationary  within 
certain  limits  or  accompanying  the  forward 
or  backward  motion  of  the  puncher  as  de- 
sired. 

The  puncher  itself  makes  about  160  strokes 
per  minute,  and  is  controlled  in  the  same  man- 
ner as  the  ordinary  hand-operated  machine 
going  from  rib  to  rib  and  making  a  cut  extend- 
ing the  entire   width   of   the   entry. 

The  conveyor  is  driven  by  a  separate  en- 
gine suitably  controlled  by  a  stop  valve,  and 
the  mine  car  is  filled  evenly  by  moving  the 
same  about  three  times  during  the  loading 
process  by  means  of  the  brake  on  the  car,  pro- 
vided the  latter  is  on   a   sufficient  grade,  that 


M^i;9A^^>^)^^^J^y->J^^^A^r 


FIGS.    I,   2,   3,  4. 

is,  on  the  dip  the  car  is  stopped  at  the  proper 
place  to  fill  the  end  nearest  the  machine  first, 
after  which  the  brake  is  released,  allowing 
the  car  to  move  down  hill  until  the  loading  is 
complete. 

Fig.  2  shows  the  machine  and  entry  after 
undercut  is  finished,  and  the  conveyor  moved 
into  the  kerf.  This  illustration  also  shows 
an  unfilled  car  in  place  and  in  readiness  for 
the  process  of  knocking  down  the  coal,  the 
car  being  shown  as  it  would  be  placed  when 
working  on  the  rise.  Making  the  undercut  is 
the  longest  part  of  the  operation,  requiring 
from  25  to  40  min.,  according  to  the  hardness 
of  the  coal. 

Fig.  3  shows  the  knocking-down  process 
completed.  This  ordinarily  takes  place  faster 
than  cars  can  be  supplied.  The  next  opera- 
tion is  to  pull  the  conveyor  back  about  7  ft., 
lay  a  section  of  track,  and  move  the  conveyor 
forward  to  position. 

Fig.  4  is  the  same  as  Fig.  i,  except  that  the 
entry  has  advanced  about  5  ft.  and  five  to  six 
cars  of  coal  have  been  loaded  out. 

THE    AVFRAGE    ADVANCE    IS     lO    FT. 

Two  .set-ups  during  the  shift  constitute  a 
fo-ft,  advance  of  the  entry.  It  is  estimated 
that  under  suitable  operating  conditions,  such 
as  high  coal  of  the  quality  found  in  the  Pitts- 
burgh seam,  that  the  machine  should  average 
250-ft.  advance  per  month  of  25  working  days, 
working  day  shift  only,  night  shift  being  re- 
served   for   the   laying   of  tracks,   piping,   etc. 
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FIG.   5. 

Under  actual  working  conditions,  the  advance 
made  and  the  repairs  show  such  a  speed  to 
be   perfectly  possible. 

Two  of  these  machines  which  have  been  in 
operation  at  the  Annabelle  Mine,  of  the  Four 
States  Coal  &  Coke  Co.,  at  Worthington,  W. 
Va.,  have  been  in  operation  since  June  i, 
1913.  These  have  been  operated  two  shifts 
of  nine  hours  each  per  day,  and  entries  cut 
averaging  .10^  to  11  ft.  wide  and  6^2  to  7  ft. 
high.  Where  conditions  have  been  suitable 
and  cars  have  been  served  to  the  machine 
without  delay,  as  much  as  20-ft.  advance  has 
been  made  in  a  single  shift.  This  condition 
does  not,  however,  hold  true  all  the  time,  as 
the  machines  are  considerably  delayed  by  lack 
of  cars,  but  the  average  operation  over  a  per- 
iod of  two  or  three  months  showed  a  progress 


of  somewhat  over  10  ft.  per  shift  on  the  aver- 
age. 

The  question  naturally  arises,  how  does  this 
machine  compare  with  present  costs  of  entry 
Iriving?  According  to  conditions,  compari- 
sons will  vary  somewhat,  but  taking  into  con- 
sideration the  first  cost  of  the  machines, 
which  work  in  pairs,  the  total  actual  daily  ex- 
pense figures  out  favorably  to  the  machine, 
everything  being  considered.  This  estimate, 
however,  does  not  take  into  account  the  in- 
creased rate  of  entry  driving,  the  reduced  risk 
of  gas  or  dust  explosion,  due  to  the  absence 
of  explosives,  the  fact  that  a  straighter  entry 
is  secured,  that  the  roof  is  better  since  there 
is  no  blasting  to  shake  it  loose,  also  that  the 
ventilation  is  better  due  to  the  straight  sides 
and  roof  facilitating  the  movement  of  the  air 
current. 

A  reduced  risk  of  explosion  is  secured  by 
the  absence  of  electric  arcs  or  sparks,  and  the 
much  ridiculed  but  nevertheless  real  menace 
of  Hve  wires  strung  along  the  entry,  which  are, 
even  under  the  best  circumstances,  a  more  or 
less  imminent  peril  to  both  men  and  animals. 
The  advantage  of  this  machine  is  still  more  ap- 
parent where  the  roof  is  bad  and  requires 
timbering. 

With  this,  as  with  other  pneumatic  mining 
machines,  where  gas  collects  in  the  entry  over 
night,  a  small  quantity  of  air  may  be  allowed 
to  escape  from  the  pipings  nightly,  with  the 
result  that  in  the  morning  there  is  no  gas 
and  the  air  at  the  face  is  clean  and  fresh. 

SPACING    OF    BREAKTHROUGHS     MAY    BE    GREATER. 

Owing  to  the  ventilating  effect  of  the  ex- 
haust air  from  this  machine  and  the  fact  that 


FIG.   6. 
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this  exhaust  takes  place  while  work  is  being 
done,  the  distance  between  breakthroughs  pre- 
scribed by  law  could  be  doubled  without  seri- 
our  (hiiigcr.  This  fact  reduces  this  expensive 
dead  work  about  half,  and  allows  the  entries 
to  proceed  more  rapidly. 

The  use  of  this  machine  renders  possible 
the  working  of  coal  mines  by  the  retreating 
system,  which,  should  it  become  general,  would 
effect  a  considerable  saving  of  human  life 
due  to  the  reduction  of  accidents  from  falls 
of  roof.  Its  use  also  secures  greater  uniform- 
ity and  reliability  in  daily  output  than  is  at 
present  connnon. 

Thi^  machine  has  the  disadvantage  that 
when  working  on  the  rise  a  water  supply  is 
necessary,  which  has  to  be  piped  to  the  ma- 
chine in  the  same  manner  as  the  air  line  twice 
each  week.  The  water  jet  and  a  beam  of 
light  from  a  safety  electric  headlight  follow 
the  movements  of  the  coal  pick,  both  spray 
nozzle  and  headlight  being  mounted  upon  the 
plunger  frame  and  moving  with  it.  Where  the 
entry  is  on  the  dip.  the  coal  is  usually  wet  and 
requires  no  watef  spraying. 

As  has  been  stated  above,  this  machine  has 
been  in  operation  for  about  six  3'^ears.  It  is, 
however,  only  now  being  placed  upon  the 
market.  In  the  operation  of  the  earlier  ma- 
chines, failure  and  breakages  were  frequent, 
and  it  was  found  expedient  to  redesign  practi- 
cally everything  on  the  whole  device,  after 
which  it  was  necessary,  considering  the  pre- 
vious experience,  that  the  redesigned  machine 
should  continue  for  a  considerable  period  of 
time  in  operation,  to  prove  beyond  doubt  that 
it  would  stand  up  to  continuous  work  cutting 
and  loading  coal.  The  success  or  failure  of 
any  mechanical  coal  cutter  flepends  largely,  if 
not   entirely,   upon    its   reliability  of  operation. 

The  present  machine  with  its  embodied  im- 
provements and  simple  working  parts  has  gone 
through  a  severe  development,  resulting  in  a 
steel-inclosed,  grease-packed  construction,  the 
wear  upon  which  is  bound  to  be  extreniely 
small.  In  ihe  course  of  driving  the  several 
miles  of  entry  in  the  various  mines  which 
this  machine  has  cut.  nothing  has  stopped  its 
advance.  Horsebacks  have  been  cut  through, 
large  lumps  of  sulphur  have  been  removed, 
the  entry  has  been  driven  under  treacherous 
roof,  curves  have  been  cut,  and  headings  as 
wide  as  13  ft.  have  been  made.  The  machine 
has  also  been  used  in  cutting  breakthroughs, 
slate  ha?  been  cut  down  and  loaded      No  ac- 


cidents have  occurred,  although  the  work  hu> 
been  done  in  gaseous  mines  with  gas  issuing 
from  the  face  most  of  the  time.  It  is  believed, 
therefore,  that  compared  with  the  usual 
method  of  entry  driving,  namely  undercutting 
and  shooting  down,  the  employment  of  this 
machine  renders  the  work  at  once  faster  and 
safer. — Coal  Age. 


SUCTION  CONVEYANCE  FOR  CAST   IRON 
CHIPS 

The  removal  of  chips  from  cylinder-boring 
.machines  by  the  use  of  suction,  or  vacuum,  is 
an  interesting  development  in  the  shops  of 
the  Continental  JVIotor  Co.,  of  Detroit,  Mich., 
which  has  been  assisted  in  this  work  by  the 
American  Blower  Co.,  also  of  Detroit.  About 
six  months  ago,  they  installed  a  No.  3  type-P 
exhauster  to  remove  chips  from  two  of  their 
cylinder-boring  machines.  With  a  six-cylinder 
automobile  engine  in  place  for  boring,  two 
aluminum  hoods  are  placed  over  the  valve 
ports  and  the  chips  are  drawn  through  2V2-in. 
pipes  to  a  separator.  This  separator  is  a  par 
ticularly  interesting  feature  of  the  installation, 
as  the  chips  are  not  carried  through  the  fan 
but  are  removed  here,  where  they  are  at  all 
times  easily  accessible  for  cleaning.  It  is 
nothing  more  than  a  home-made  steel-plate 
box,  in  the  form  of  a  20-in.  cube,  arranged 
with  a  large  horizontal  slide  in  the  center, 
so  that  it  can  be  divided  into  two  compart- 
ments. By  closing  the  slide,  the  lower  half 
of  the  box  can  be  emptied  while  the  upper 
half  remains  available  for  collecting  chips  with- 
out interfering  in  the  least  with  the  operation 
of  the  system.  A  5-in.  pipe  runs  from  the 
top  of  the  box  into  the  main  line,  which  con- 
nects with  the  fan. 

This  system  was  designed  to  handle  a  max- 
imuni  of  15  lb,  of  chips  per  min.,  each  boring 
machine  having  a  normal  capacity  of  6  lb.  per 
min.,  the  additional  capacity  being  allowed 
for  necessary  speeding.  The  velocity  through 
the  2^-in.  pipe  is  approximat^^ly  12,000  ft. 
per  min.,  while  the  velocity  through  the  5-in. 
pipe,  which  exhausts  from  the  top  of  the  box, 
is  4,000  ft.  per  min.  The  fan  runs  at  3100 
r.p.m.  and  handles  approximately  1200  cu.  ft. 
per  min..  against  a  static  pressure  of  17  in. 
of  water,  requiring  about  7K'  blip,  to  drive 
This  is  proving  very  satisfactory,  and  there 
seems  no  reason  why  there  should  not  be  quite 
?  field  for  this  kind  of  work. — Am.  Machinist. 


^ 


I 


COMPRESSED  AIR  MAGAZINE. 


7497 


A   NEW   VOLUME    REGULATOR   FOR   AIR 
COMPRESSORS 

BY   KAGNOK    WICKANDMR.* 

The  ordinary  reciprocating  type  of  air  com- 
pressors and  blowing  engines  has  a  displace- 
ment proportional  to  its  speed,  and  the  quantit> 
of  air  pnmped  varies  approximately  in  the 
same  proportion.  In  most  cases,  however,  it 
is  desired  to  regulate  the  amount  of  intake 
air  so  that  it  will  correspond  as  nearly  as 
possible  to  the  amount  of  compressed  air  con- 
sumed, thereby  keeping  the  pressure  in  the  re- 
ceiver practically  constant.  A  number  of  reg- 
ulators, governors  or  unloaders  have  been  de- 
signed for  this  purpose  and  the  object  of  this 
paper  is  to  present  a  new  method  serving  the 
same  purpose  as  these  devices  in  a  simple 
and  efficient  manner,  and  to  demonstrate  the 
principle  upon  which  this  method  is  based. 

The  operation  of  this  regulator  is  based  up- 
on the  following  principle:  The  pressure  act- 
ing upon  and  tending  to  close  a  suction  valve 
held  open  by  force  during  the  discharge  stroke 
of  an  air  compressor,  is  proportional  to  the  air 
pressure  created  in  the  cylinder  and  varies 
(luring  said  stroke,  as  shown  in  Fig.  i. 

This  diagram  was  taken  on  a  24  by  14-in. 
air  compressor  operating  at  50  r.p.m.  The 
valve  area  of  the  suction  valve,  which  was 
held  open  by  force  during  the  discharge  stroke, 
amounting  to  about  3.5  sq.  in.,  and  the  aver- 
age speed  of  flow  of  the  air  through  this  valve 
was  therefore  about  15,000  ft.  per  min.  It  is 
interesting  to  note  how  the  cylinder  pressure 
increased  practically  in  proportion  to  the  part 
of  the  stroke  made  by  the  piston. 

From  this  diagram  it  can  be  assumed  that  a 
closing  of  the  suction  valves  at  an  adjustable 
point  of  the  discharge  Stroke  would  be  obtain- 
ed simply  by  a  very  gradual  regulation  of  the 
force  holding  them  open  against  the  action  of 
their  springs,  and  experience  corroborates  this 
assumption.  In  a  similar  manner  a  closing  of 
the  automatic  discharge  valves  at  an  adjust- 
able point  of  the  suction  stroke  can  be  obtain- 
ed by  the  gradual  regulation  of  a  force  hold- 
ing them  open  against  the  action  of  their 
springs. 

In   the   first   case   the    force   is   so   regulated 
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that  the  suction  valves  close  when  the  amount 
of  intake  air  remaining  in  the  cylinder  has  de- 
creased to  correspond  to  the  amount  of  com- 
pressed air  desired  at  the  time.  In  the  sec- 
ond case  the  force  is  regulated  in  a  way  to 
keep  the  discharge  valves  open  during  such  a 
part  of  the  following  suction  stroke  that  the 
amount  of  compressed  air  returned  into  the 
cylinder,  after  expansion  to  the  intake  pres- 
sure, will  leave  sufficient  room  for  the  desired 
quantity  of  fresh  air  to  enter  the  cylinder  dur- 
ing the  latter  part  of  the  suction  stroke. 

REGULATION     BY    ACTION    OF    THE    INLET    VALVES. 

An  application  of  this  regulator  to  an  or- 
dinary poppet  valve  air  compressor,  acting 
upon  its  inlet  valves  so  as  to  keep  the  re- 
ceiver pressure  constant,  is  shown  in  Fig.  2. 
A  is  the  compressor  cylinder.  The  inlet  valve 
B  is  provided  with  a  spring  which  tends  to 
close  it,  and  above  is  a  piston  C  acted  upon 
by  pressure  from  the  auxiliary  tank  D.  This 
valve  communicates  with  the  atmosphere 
through  the  leak  E;  and  it  also  is  connected 
with  the  main  reservoir  F  through  the  port  G. 
This  port  is  closed  by  means  of  the  pilot  valve 
H  when  the  force  of  the  adjustable  spring 
overcomes  the  air  pressure  acting  on  the  bot- 
tom of  the  valve  piston  /.  An  adjustable  needle 
valve  /  can  be  arranged  so  as  to  obtain  a 
constant  leak  from  the  main  to  the  auxiliary 
reservoir,  thereby  preventing  the  pressure  in 
the  latter  from  decreasing  below  a  certain 
valve. 

When  the  compressor  is  working  at  a  con- 
stant partial  load  the  valve  H  will  allow  some- 
air  to  enter  the  auxiliary  tank  D,  and  the  same 
quantity  of  air  will  escape  through  leak  E, 
thereby  keeping  the  pressure  in  the  auxiliary 
tank  acting  upon  the  piston  C  constant.  The 
suction  valves  will  close  at  such  a  point  of  the 
discharge  stroke  as  to  compress  exactly  the 
quantity  of  air  consumed,  the  pressure  in  the 
main  tank  remaining  constant. 

And  increase  (or  decrease)  in  the  consump- 
tion of  air  will  cause  a  slight  momentary  de- 
crease   (or   increase)    of   the   pressure   in   the 
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FIG.     2. 

main  tank,  and  the  quantity  of  air  entering  the 
auxiliary  tank,  thereby  decreasing  or  increas- 
ing the  pressure  in  the  auxiliary  tank  and 
changing  the  cut-off  of  the  inlet  valves  so  as  to 
increase  or  decrease  the  amount  of  intake  air 
until  new  conditions  of  equal  supply  and  con- 
sumption of  compressed  air  at  the  same  pres- 
sure as  before  are  established. 

For  a  certain  pressure  in  the  auxiliary  tank 
the  air  compressor  will  work  at  its  maximum 
capacity,  and  the  function  of  the  adjustable 
needle  valve  is  to  admit  constantly  so  much 
air  as  to  produce  this  pressure.  If  more  air 
be  admitted  the  capacity  of  the  compressor 
will  be  reduced,  and  the  volume  of  the  intake 
air  will  vary  with  the  consumption  only  as 
long  as  the  latter  remains  below  this  reduced 
capacity. 

RFGULATION'  pv  ACTION  OF  THE  DISCHARGE  VALVES 

Fig.  3  shows  the  application  of  the  same 
principle  to  the  regulation  of  the  discharge 
valves  of  an  aid  compressor  of  the  piston  in- 
let type.  The  action  of  the  device  is  simil.ir 
to  that  represented  in  Fig.  2.  and  will  be 
easily  understood  ni   referring  to  the  drawing. 

When  the  compressor  is  working  at  a  con- 
stant partial  load  the  air  under  pressure  from 
the  main  tank  will  enter  the  chamber  K,  and 


counteract  the  ti'ndency  of  the  spring  to  foice 
down  the  piston  /.  This  piston  carries  the 
needle  valve  H,  which  closes  to  such  an  ex- 
tent that  the  air  enters  the  auxiliary  tank  D 
through  the  passage  G  at  the  same  rate  as  it 
escapes  through  the  leak  R,  thereby  keeping 
the  pressure  in  D  constant.  This  pressure 
acts  upon  the  cylinder  valve  L  through  the 
opening  M.  Under  these  conditions  the  pres- 
sure in  the  auxiliary  chamber  will  be  some- 
what less  than  that  in  the  main  tank  and  in 
the  passage  N  leading  from  the  cylinder  0 
to  the  main  tank. 

Owing  to  the  low  pressure  thus  created  in 
the  plunger  P,  the  discharge  valves  will  be 
kept  open  during  part  of  the  following  stroke, 
and  allow  a  certain  amount  of  compressed  air 
to  re-enter  the  cylinder  from  the  outlet  pas- 
sage N  and  expand  in  the  cylinder  to  intake 
pressure.  During  the  remaining  part  of  the 
intake  stroke  the  amount  of  fresh  air  drawn 
into  the  cylinder  will  exactly  correspond  to  the 
consumption  of  compressed  air  at  the  time,  and 
the  air  pressure  in  the  main  tank  will  remain 
constant. 

Assuming  now  that  the  consumption  of  com- 
pressed air  is  increased  a  slight  momentary 
drop  of  pressure  in  the  main  tank  will  result. 
The    spring    will    overcome    the    effect    of   the 


FIG      3. 
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25  Lb.  Discharge 


Pressure  In  Lb. 
per  Sq. Inch  in 
AuxHiarLj  Reservoir 


50  Lb.  Discharge  Pressure 


'  16  Lb.  Discharge  Pressure 


54  Lb.  Discharge  Pressure 


FIG.     4. 

tank  pressure  on  the  piston  /  and  will  cause 
the  valve  //  to  open,  thereby  permitting  a 
greater  quantity  of  air  from  the  main  tank 
to  enter  the  auxiliary  chamber.  The  pressure 
in  the  auxiliary  chamber  will  increase,  and 
acting  through  the  plunger  P  and  the  opening 
M,  will  cause  the  valve  L  to  seat  at  an  earlier 
point  of  the  intake  stroke,  thereby  increasing 
the  volume  of  fresh  air  drawn  into  the  com- 
pressor through  the  intake  valve  Q  until  it 
equals  the  increased  consumption  of  com- 
pressed air  taken  from  the  main  tank,  the 
pressure  in  the  tank  being  kept  therefore  ex- 
actly the  same  as  before.  In  case  of  a-  de- 
crease in  the  consumption,  similar  action  will 
take  place  and  a  new  equilibrium  between 
supply    and    consumption    will    be    established 


after  a  slight   mrjnu'iitary  increase  oi  the  lank 
Ijressure. 

A  needle  valve  /  allows  enough  of  the  pres- 
sure air  contained  in  the  auxiliary  tank  to  e;^- 
cape  to  the  atuK^sphcre,  so  as  to  unload  the 
compressor  by  hand  if  desired.  Valve  R  is 
opened  by  means  of  a  speed  regulator,  if  the 
speed  of  the  prime  mover  falls  below  a  cer- 
tain value  and  it  is  desired  to  unload  the 
compressor    in    that    case. 

For  single  or  tandem  compound  steam 
driven  compressors  this  device  can  easily  be 
operated  in  connection  with  the  ordinary  speed 
and  pressure  governors,  acting  upon  a  throttle 
valve  on  the  steam  inlet,  so  as  to  regulate  the 
output  of  the  compressor  between  full  capacity 
at  its  maximum  speed  and  no  volume  at  the 
lowest  speed  of  the  machine.  On  account  of 
the  perfect  regulation  which  can  be  obtained 
by  this  combination  it  will  in  many  cases  be 
found  advisable  to  use  the  cheaper  single  com- 
pressors   instead    of    the    duplex    machines. 

Fig.  4  shows  a  number  of  indicator  cards 
taken  on  a  standard  H  all  poppet  valve  air 
compressor  with  by-pass  equipped  with  the 
volume  regulator  shown  in   Fig.  2. 


SALVAGE   OPERATIONS  ON  THE    EMPRESS 
OF  IRELAND 

In  Compressed  Air  Magazine,  Nov..  1914, 
page  7409.  we  gave  an  account  of  this  in- 
teresting work.  The  following  additional  in- 
formation comes  to  us  through  the  Scientific 
American  : 

Probably  no  sunken  wreck  has  presented  a 
more  difficult  task  for  the  salvors  than  this 
ship.  Originally,  the  Canadian  government 
employed  a  Canadian  organization  which  made 
use  of  facilities  developed  by  Mr.  William 
Wallace  Wotherspoon.  the  well-known  salvage 
expert.  The  latter  personally  attended  to  the 
work,  and  was  a  potent  factor  in  its  success, 
although  the  fullest  credit  must  be  given  to 
others,  and  acknowledgment  must  be  made 
to  the  splendid  services  rendered  by  the  Brit- 
ish naval  divers  who  assisted  in  the  hazard- 
ous tasks  of  recovering  the  bodies  of  the 
dead  as  well  as  the  mails  and  the  silver  bul  • 
lion  stored  in  the  specie  room. 

At  the  particular  point  on  the  St.  Lawrence 
where  the  "Empress  of  Ireland"  went  down 
the  water  is  quite  138  feet  deep  to  the  siu"- 
face   of  the   soft   mud   bottom,   and   high   tidi 
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increases  this  by  quite  14  feet.  This  means  a 
.very  strong  current,  especially  at  ebb  tide. 
and  imposed  a  working  period  of  but  30  min- 
utes at  each  slack  tide  twice  a  day.  Apart 
from  that,  the  water  was  so  cold  that  the 
divers'  hands  soon  became  numb,  and  to  pro- 
tect them  it  was  necessary  to  employ  rubl^er 
milt^.  These  were  of  American  make  and  thin 
enough  to  enable  the  diver  to  guide  himself  by 
his  sense  of  touch — something  upon  which  he 
has  to  depend  very  largely  in  deep  and  dark 
waters. 

After  sinking,  the  "Empress  of  Ireland" 
partly  righted  herself,  then  heeled  over  at 
a  very  sharp  angle,  and  settled  deeply  into 
the  mud  of  the  river  bed.  This  added  greatly 
to  the  perils  of  the  work  and  made  especially 
hazardous  the  operations  incident  to  getting 
through  the  steel  side  of  the  craft  and  follow- 
ing a  devious  route  into  the  ship's  strong- 
room. These  efforts  required  that  the  divers 
•should  work  at  the  very  unusual  depth  of 
160  feet  inside  the  body  of  the  foundered 
liner,  and.  to  make  them  familiar  with  their 
objective,  they  were  previously  schooled  by 
mean-  of  a  cardboard  model  of  the  internal 
structure  along  their  route.  Further,  that  their 
risk^  might  be  lessened,  flanking  doorways 
and  one  wide  passage  were  bulkheaded  off  in 
order  that  the  men  should  not  go  astray  nor 
their  hose,  lifeline,  or  telephone  connections 
become   entangled. 

The  telephone  played  an  important  part  in 
the  operations.  This  telephone  gear  was  of 
Enulish  design,  but  somewhat  improved  by 
American  telephone  engineering  practices.  Be- 
cause of  the  dangers  involved,  the  divers  work- 
ed always  in  pairs;  and  as  soon  as  one  couple 
came  to  the  surface  two  more  men  were  im- 
mediately ready  to  carry  on  the  work.  One 
of  the  best  things  done  was  that  of  drilling 
into  the  side  of  the  ship  and  cutting  an  ample 
passageway.  The  men  worked  upon  a  piece- 
work basis,  and  they  pushed  ahead  so  rapidly 
that  their  rate  was  but  little  short  of  that 
ordinarily  deemed  excellent  at  a  shipyard  and 
in  the  open  air. 

The  salvage  craft  was  provided  with  a  com- 
pressed air  system,  and  the  divers  received 
their  air  from  storage  tanks  instead  of  from 
pumps,  as  is  the  common  custom,  and  there 
was  also  a  hospital  or  decompression  tank 
vnch  as  is  u=ed  here  in  the  United  States  in 
foundation  work  for  skyscrapers.     The  diving 


was  carried  out  agreeably  to  the  practices  pre 
scribed  by  the  British  Admiralty,  after  cei 
tain  well-known  scientific  tests,  and  while  the 
unusual  number  of  twelve  divers  were  en- 
gaged upon  the  job  only  one  man  lost  his  life. 
He,  unfortunately,  slipped  from  the  side  of 
the  sunken  liner  and  dropped  into  much  deep- 
er water.  The  sudden  application  of  hydro- 
static pressure  confused  him,  and  in  his  ex- 
citement, instead  of  opening  his  air  valve,  he 
screwed  it  closed,  and  actually  broke  off  the 
little  hand  disk !  After  that  fatality  every 
valve  seat  was  notched  so  that  air  would  reach 
a  diver  in  distress  and  keep  him  alive  until 
aid  could  be  sent  to  him,  no  matter  if  he  did 
jam  the  valve  by  mistake. 

All  of  the  bodies  were  recovered  that  could 
possibly  be  reached,  and  this  was  really  the 
prime  concern  of  the  officials  of  the  Canadian 
Pacific  Railway ;  also  the  bullion  and  specie 
in  the  strong  room  were  salved ;  and  up  to 
date  substantially  most  of  the  mail  pouches 
have  been  brought  to  the  surface.  In  addition 
to  this,  the  steel  masts  of  the  "Empress  of 
Ireland,"  which  were  a  menace  to  navigation, 
were  cut  away  with  air  drills.  This  entire 
undertaking  marks  a  notable  advance  in  deep- 
water  salvage  operations,  and  shows  that  even 
the  dangerous  conditions  on  the  St.  Lawrence 
will  not  daunt  determined  men  when  guided 
by  thoroughly  competent   experts. 


CEMENT  A   PROTECTION  .\GAINST  SAND 
BLASTS 

The  use  of  cement  as  an  anti-sand  blast  is 
possibly  one  that  is  little  known.  The  sand 
blast  in  question,  however,  is  not  that  which 
is  so  familiar  to  all  of  us,  but  is  quite  of 
another  type.  When  locomotives  stand  under 
steel  or  iron  bridges  or  viaducts,  the  blast 
from  the  stacks  throws  out  gases  and  numer- 
ous small  particles  of  ashes  and  coal.  This 
when  continuously  projected  against  the  over- 
head iron  or  steel  gradually  causes  its  disinte- 
gration. "When  all  remedies  fail,  try  ce- 
ment," and  in  this  case  cement  was  tried  and 
not  found  wanting  and  now  it  is  common  prac- 
tice for  railroads  to  cover  the  bottoms  of  their 
bridges  with  wire  netting  or  metal  lath  cov- 
ered with  a  coating  of  sand  and  cement  which 
it  has  been  found  resists  perfectly  the  attack 
of  the  gases  and  also  the  sand  blast  coming 
from   the   locomotives. 
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Pulley 


Fig.  1.    Long  Belt  witjiout  Iuleu 


Fig.  2.     Fixkd  Idlkk 


Fig.  .';.     Short  Belt 


THE  SHORT  BELT  DRIVE 

In  a  recent  issue  of  Power  Mr.  W.  F.  Schap- 
horst  treated  of  certain  idlers  on  belt  drives 
as  though  they  were  something  new,  but  in 
fact  compressor  builders  have  long  used  them. 

To  test  their  efficac}^,  the  Ingersoll-Rand 
Co.  equipped  a  machine  in  its  power  house, 
some  four  years  ago,  and  their  performance 
was  closely  observed  for  about  a  year.  As  a 
result  they  have  been  adopted  as  standard 
design  under  the  name  of  the  "Short-Belt 
Electric."  The  compressor  builder  sought  this 
means  in  order  to  solve  the  limited-floor-space 
problem,  but  this  is  not  considered  the  only 
advantage,  as  the  illustrations  will  show. 

Fig.  I  is  the  ordinary  belt  drive,  in  which 
the  distance  between  centers  of  pulleys  must 
be  sufficient  to  give  a  reasonable  arc  of  belt 
contact  on  the  motor  pulley,  which  at  best 
never   exceeds   170  deg. 

Fig.  2  is  sometimes  resorted  to  when  Fig.  1 
fails  to  work  satisfactorily.  A  tightener  pul- 
ley C  is  placed  between  the  pulleys  A  and  B 
and  held  firmly  against  the  belt.  This  in- 
creases the  arc  of  contact  on  the  motor  pul- 
ley to  185  or  190  deg.,  but  it  also  increases 
the  belt  tension,   which  is  undesirable. 

Figs.  3  and  4  show  the  short  belt  drive.  This 
consists  of  the  driving  pulley  A,  the  driven 
pulley  B,  and  an  idler  pulley  C,  which  is 
placed  on  the  slack  side  of  the  belt  close  to  the 
driving  pulley.  The  idler  pulley  is  carried  on 
arms  swung  from  the  compressor  frame  and. 
is  free  to  rise  and  fall,  or  to  float  on  the  belt. 

While  the  idler  pulley  is  light,  its  weight  is 
sufficient  to  take  up  the  slack  and  hold  the 
belt  against  the  driving  pulley.  When  the 
tension  on  the  tight  side  of  the  belt  increases 
and  lengthens  the  slack  side  of  the  belt,  the 
idler  pulley  immediately  descends,  taking  up 
the  slack  and  at  the  same  time  wrapping  the 
belt  further  around  the  driving  pulley  and  giv- 
ing a  greater  arc  of  contact.  The  belt  con- 
tact is  increased  rather  than  the  tension. 


Most  belt-transmission  losses  come  from 
slippage  or  from  excessive  tension.  With  the 
short-belt  drive  there  is  no  initial  belt  tension 
and  but  little  slippage.  When  the  motor  is 
stopped  the  belt  has  no  strain,  and  only  the 
strain  of  the  effect  while  in  motion. 

It  will  be  seen  from  the  foregoing  that  this 
form  of  drive  has  long  passed  the  experi- 
mental  stage. 

Charles  A.  Hirshberg. 


FIG.    4. 

AMATEUR  TUNNELING 

Detectives  recently  discovered  a  number  of 
underground  passages  near  the  belt  line  in 
Newberg,  Ohio,  which  have  been  used  for 
transferring  coal  from  cars  on  the  tracks  to 
the  basements  of  nearby  houses.  The  passages 
had  openings  in  the  back  yards  abutting  on  the 
tracks,  and  these  were  covered  by  trap  doors 
upon  which  piles  of  rubbish  were  usually  kept 
to  hide  them.  The  other  ends  of  the  tunnels 
opened  into  the  basements  of  the  houses.  Coal 
would  be  thrown  from  the  cars  into  these 
back-yard  openings  and  then  would  be  car- 
ried through  the  tunnels  into  the  basements. 
It  is  said  that  an  entire  carload  of  coal  dis- 
appeared one  night  recently. 
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ECONOMY  OF  BLOCK   HOLING 

The  tcst.s  described  below,  carried  on  bv 
the  Bureau  of  Mines,  should  interest  con- 
tractors and  others  who  have  a  considerable 
amount  of  boulder-breaking  to  do.  The  tests 
were  made  to  determine  the  comparative  en- 
ergy expended  by  explosives  under  water  and 
m  the  air,  and  by  various  methods  of  shooting. 

The  test  showed  very  conclusively  that  the 
block-hole  method  of  breaking  boulders  and 
large  fragments  of  rock  is  very  much  superior 
to  and  more  economical  than  the  mud-cap  or 
adobeshot  method  of  breaking,  which  is  so 
commonly   practiced. 

"Adobe  shots"  were  made  on  two  high-grade 
limstone  blocks  cut  from  the  same  large  block 
and  weighing  215  and  203  pounds.  Each  block 
was  approximately  a  cube,  measuring  12^  by 
12^4  by  13  inches.  The  heavier  block  was  se- 
lected for  tests  in  the  air.  It  was  laid  on  two 
6  by  6-inch  timbers,  and  on  the  center  of  the 
lop  side  a  50-gram  i^-inch  cartridge  of  tho 
40  per  cent,  strength  low-freezing  dynamite 
was  placed.  A  No.  6  electric  detonator  w^as 
inserted  in  the  cartridge  and  laid  parallel  to 
the  vertical  bedding  planes  of-  the  block.  The 
charge  was  then  covered  with  a  35-pound  mud 
cap  consisting  of  30  pounds  of  dry  fire  clay 
mixed  with  5  pounds  of  water  and  fired.  The 
block  was  not  shattered  on  top,  but  pieces  were 
split  off  around  the  sides.  The  other  block 
was  then  immersed  in  a  barrel  of  water  hav- 
ing a  temperature  of  70  degrees  F.  The  water 
was  32  inches  deep,  there  being  13^4  inches  of 
water  above  the  block.  The  charge  was  the 
same  as  in  the  previous  trial  except  that  no 
mud  cap  was  used,  and  the  charge  was  coated 
with  paraffin  in  order  to  protect  it  from  ab- 
sorbing water.  On  firing  no  apparent  damage 
was  done  to  the  block  and  no  cracks  were 
visible.  This  trial  was  then  repeated  on  the 
same  block  immersed  in  water  with  a  charge 
of  100  grams.  This  greater  charge  did  not 
break  up  the  block  as  much  as  did  the  50- 
gram  charge  when  the  block  was  in  air  only. 

Other  similar  tests  confirming  in  every  par- 
ticular these  tests,  and  again  the  confining 
effect  of  the  surrounding  material  was  shown. 
The  above  experimental  i)ror)f  is  presented  as 
a  confirnrition  of  pr?ictical  experience  that 
submarine  l)lasting  rcrjuires  larger  charges  to 
disrupt  a  given  amount  of  material  than  open 
work  on  similar  materials. 

Block-hole  tests  were  made  on   two  similar 


high-grade  limestone  blocks  cut  from  the  same 
large  block  and  weighing  198  and  205  pounds. 
A  hole  I  inch  in  diameter  and  6  inches  deep 
was  drilled  from  the  center  of  one  side  to  the 
center  of  the  block.  Each  was  charged  with 
5  grams  of  the  40  per  cent,  strength  low- 
freezing  dynamite.  A  No.  6  electric  detonator 
was  used.  The  bore  hole  was  filled  with  water 
in  each  case.  The  198-pound  block  was  fired 
in  air  and  the  205-pound  block  was  suspended 
in  a  barrel  of  water  in  the  same  manner  as  in 
the  previous  tests.  Both  blocks  were  broken. 
The  following  tabulation  shows  comparative 
results : 

It    will    be    noticed    from    these   figures    that 

COMPARATIVE  RESULTS    OF  ADOBE  SHOTS 
ON  LIMESTONE  BLOCKS 


Con- 
dition 

of 
Block 

Quantity 

of 

Explosive 

used 

Weight 

of 
Block 

Weight 

of 

Largest 

Piece 

Number 
of  Pieces 
over  3"  in 
Diameter 

Average 
Weight 

of  these 
Pieces 

Total 
Weight 
of  small 

Pieces 

In  air 
In  water 

Grams 
50 
*100 

Pounds 
215 
203 

Pounds 
82 
104 

13 

8 

Pounds 
15.5 
24.6 

Pounds 
11 
5 

♦After  firing  a  50-gram  charge. 

COMPARATIVE  RESULTS    OF  BLOCK-HOLE  TESTS 
WITH  LIMESTONE  BLOCKS 


Grams 

Pounds 

Pounds 

Pounds 

Pounds 

In  air 

5 

198 

52 

15 

12.7 

7 

In  water 

5 

205 

59 

11 

18.2 

5 

the  quantity  of  explosive  used  when  a  block 
hole  had  been  drilled  into  the  rock  fragment 
was  from  one-tenth  to  one-twentieth  as  large 
as  that  required  by  the  mud-cap  or  adobe-shot 
method. 


CAPE-TO=CAIRO  RAILWAY 

Six  thousand  miles,  across  sixty-five  de- 
grees of  latitude ;  a  score  of  climates  and 
the  lands  of  a  hundred  different  peoples  or 
tribes ;  the  second  longest  of  the  world's  rivers 
and  two  of  its  largest  lakes;  the  greatest 
dam  ever  built,  conserving  water  for  the 
world's  richest  lands;  the  most  imposing  and 
ancient  of  all  temples ;  the  greatest  waterfall, 
and  the  most  important  gold  and  diamond 
mines ;  and  finally,  one  of  the  last  great  ex- 
panses of  real  wilderness,  the  only  place  in 
the  world  where  the  wild  beasts  of  the  jungle 
may  be  seen  in  their  primitive  state  from  a 
train,  all  these  seen,  traversed,  or  experienced 
in  twelve  days!  Surely,  there  can  never  be 
another  such  railway  as  this. — Lezvis  R.  Free- 
man,   ill    The    World's    Work. 
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FIG.  I. 

A  NEW  ACETYLENE  GENERATOR 

A  new  type  of  acetylene  generator  which  is 
being  introduced  in  England  by  the  British 
Low  Accessories  Company,  Limited,  is  de- 
scribed in  a  recent  issue  of  The  Engineer.  It 
is  primarily  intended  for  the  lighting  of  mo- 
tor cars,  but  there  appears  to  be  no  reason 
why  it  should  not  be  made  serviceable  in  oth- 
er directions.  The  makers,  in  referring  to  this 
generator,  explain  that  the  success  which  fol- 
lowed the  introduction  of  electric  lighting 
equipments  has  been  largely  due  to  the  facility 
which  it  affords  of  being  able  to  turn  the  lights 
on  at  a  moment's  notice.  This,  it  is  pointed 
out,  is  the  one  outstanding  advantage  which 
can  be  urged  in  favor  of  electricity,  and,  as 
against  it  may  be  put  the  considerably  heavier 
cost  of  the  electric  equipment  as  compared 
with  that  of  an  acetylene  outfit,  which  may  be 
as  much  as  many  times  as  great. 

The  first  step  which  was  taken  by  acetylene 
lighting  apparatus  manufacturers  in  order  to 
put  such  apparatus  more  on  a  level  with  elec- 
tric lighting  in  this  respect,   was  the  employ- 


ment f;f  dissolved  acetylene  cylinders.  By  the 
use  of  these  gas  was  always  obtainable  by  the 
simple  turning  (jn  of  a  tap.  This  course,  how- 
ever, had  the  disadvantage  of  considerable  ex- 
pense, aufl  suffered  from  the  fact  that  the 
cylinders  could  not  be  recharged  at  home.  It 
was  found  that,  however  easy  it  might  be  to 
get  spares,  there  always  came  a  time  when 
the  cylinder  gave  out.  It  is  to  remedy  this 
state  of  affairs  that  the  new  generator  has 
been  devised. 

The  engraving — Fig.  i — shows  the  new  Low 
generator  complete,  and  Fig.  2  shows  it  in 
part  section.  It  may  be  said  at  first  that  it  is 
not  only  a  generator  but  a  storage  reservoir 
as  well.  The  apparatus  will  be  readily  un- 
derstood from  the  drawing.  In  this  A  is  a 
steel  drum  with  an  open  top,  which  is  closed 
by  a  cover  B,  which  is  held  on  tightly  by 
means  of  three  screw  clips,  the  joint  being 
made  gastight  by  packing  C — see  Fig.  i.  The 
inside  of  the  cylinder  is  coated  with  a  sub- 
stance D,  which  is  capable  of  occluding  or 
dissolving  acetylene  gas.  This  substance  is,  we 
understand,  a  mixture  of  acetone,  asbestos, 
porous  brick,   and  plaster  of   Paris.       Resting 


FIG.    2. 
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on  the  bottom  of  the  steel  drum  is  a  cylinder 
E,  for  containing  calcium  carbide.  On  to  this 
an  adjustable  quantity  of  water  from  the  tank 
F  can  be  made  to  drip  through  the  valve  G. 
This  valve  G  is  regulated  by  the  wing  nut  H, 
acting  on  a  screw  on  the  spindle  I,  and  the 
spring  J  always  tends  to  keep  it  open.  A  gas 
passage  K  leads  through  the  cover  C  to  the 
passage  through  which  the  spindle  I  passes 
through  the  lid  B,  at  which  point  the  spindle 
is  square,  so  that  the  gas  can  pass  it  and  reach 
the  interior  of  a  bellows  arrangement  M.  By 
this  means,  when  the  pressure  of  the  gas  in 
the  cylinder  A  rises  above  a  certain  prede- 
termined point,  the  bellows  M  expand,  the 
spring  J  overcome,  the  spindle  I  raised,  and 
the  valve  G  closed,  so  that  no  more  water  can 
drip  on  to  the  carbide.  When,  on  the  other 
hand,  the  pressure  falls,  the  bellows  close, 
and  the  spring  J  again  asserts  itself  so  that 
the  valve  is  opened.  In  this  way  the  ap- 
paratus is  automatic.  It  will  be  realized  also 
that  the  gas  is  generated  actually  in  the  pres- 
ence of  the  substance  which  occludes  or  dis- 
solves it,  so  that  even  when  all  the  carbide 
is  used  up  there  still  remains  a  good  deal  of 
gas  which  can  be  drawn  upon. 

The  outlet  of  the  gas  is  at  N,  and  this  outlet 
is  controlled  by  a  pin  valve,  which  is  oper- 
ated by  the  handle  O  working  a  threaded 
spindle.  This  valve  allows  the  gas  to  find  its 
way  to  the  connecting  piece  P.  Should  the 
pressure,  either  when  the  pin  valve  is  opened 
or  closed,  rise  above  a  certain  point,  which 
depends,  of  course,  on  the  strength  of  the 
various  parts  of  the  apparatus,  the  safety  valve 
Q  comes  into  operation  and  the  surplus  gas 
escapes  to  the  air.  It  will  be  understood,  of 
course,  that  as  the  pressure  rises  more  and 
more  gas  is  occluded  in  the  dissolving  mate- 
rial. 

The  generator  is  readily  cleaned  and  re- 
charged. All  that  is  necessary  is  to  remove 
the  cover  B  by  unscrewing  the  three  wing 
nuts,  take  out  the  outside  tin,  empty  clean 
an.l  recharge  it,  sluice  out  the  cylinder  A  if 
necessary,  replace  the  tin  E  and  refix  the  cov- 
er. It  is  nr»t  necessary,  in  order  to  replenish 
the  water  reservoir  F,  to  remove  it  from  the 
cap  C,  to  which  it  is  screwed,  for  water  can 
be  placed  into  it  by  turning  it  upside  down 
and   removing  the  plug  P. 

A  number  of  claims  are  made  for  this  ap- 
paratus, among  which  may  be  mentioned  the 
following:       (i)     The    gas.    being    dissolved. 


comes  out  dry  and  clean,  thus  ensuring  a  good 
combustion  and  pure  light;  (2)  the  gas  be- 
ing permanently  stored  under  pressure,  is  de- 
livered as  soon  as  the  cock  is, opened,  so  that 
lamps  can  be  lit  up  immediately,  and  long  be- 
fore the  stored  or  dissolved  gas  is  used  up 
fresh  gas  is  being  generated  from  the  carbide 
to  keep  up  the  pressure;  (3)  as  soon  as  the 
cocks  are  shut  nothing  can  waste;  the  gas 
can  be  stored  for  years  without  deterioration, 
and  will  always  be  available  at  any  time  dur- 
ing that  period ;  (4)  there  is  no  chance  of 
explosion,  and  a  light  can  be  held  in  safety 
all  around  the  generator  itself;  and  (5)  that 
nothing  can  get  out  of  order. 


ABOUT  SUBMARINE  MINES 

A  floating  mine  is  not  intended  to  drift 
about,  but  is  put  down  with  an  automatic 
mooring  apparatus,  so  that  the  limits  of  an 
area  strewn  with  mines  may  be  fairly  definite- 
ly known  once  the  sowing  has  been  discovered. 
Occasionally  a  mine  breaks  loose  and  drifts 
about,  but  this  is  not  the  intention  of  the 
mine  planters.  Mines  do  not  float  in  sight, 
but  are  moored  to  keep  at  a  certain  level  below 
the  surface.  It  is  also  intended  that  they 
should  strike  the  most  vulnerable  parts  of  war 
vessels,  therefore  they  are  placed  deep  enough 
to  miss  the  armored  belts  of  such.  The  aver- 
age size  of  mines  is  from  four  to  five  feet  in 
diameter  and  they  are  charged  with  high  ex- 
plosives. The  idea  that  a  mine  explodes 
through  the  force  of  a  ship  striking  it  is  er- 
roneous ;  tilting  it  from  an  upright  position 
explodes   it. 

The  operation  of  sweeping  for  mines  is  car- 
ried out  by  two  ships  steaming  parallel  with 
one  another  at  some  distance  apart  with  a 
wire  rope  between  them,  sunk  low  enough  to 
come  in  contact  with  the  cables  to  which  the 
mines  are  moored,  which  has  the  effect  of  tilt- 
ing them  over  and  causing  them  to  explode.  The 
danger  of  this  operation  is  in  the  possibility 
of  the  ships  themselves  coming  in  contact 
with  a  mine,  but  there  is  no  danger  from  the 
explosions  of  the  mines  by  sweeping.  Even 
a  distance  of  100  yards  from  a  mine  when 
it  is  exploded  secures  perfect  safety  to  any 
vessel,  as  the  cushion  of  water  takes  up  the 
shock.  Very  light  draft  vessels  are  always 
chosen  for  this  work,  so  that  they  have  a  good 
chnncc  of  passing  over  mines  sunk  deep 
enough  to  damage  ships  of  war. — Marine 
Journal. 
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FIG.     I.      TAMPERS    AT    WORK. 

PNEUMATIC  TAMPING    OF  RAILROAD  TIES 

Compressed  air  is  being  used  successfully 
for  tamping  ties  on  a  part  of  the  New  York 
Central  &  Hudson  River  Railroad.  The  tamp- 
ing outfit  consists  of  two  pneumatic  tampers, 
600  ft.  of  ^-in.  hose  and  an  air  compressor 
mounted  on  a  hand  car.  The  compressor  is 
driven  by  a  gasoline  engine,  which  also  pro- 
pels the  car  itself  at  a  speed  of  from  12  to  15 
mi.  per  hour.  The  car  will  carry  twelve  men 
and  is  equipped,  as  one  of  the  illustrations 
shows,  with  cross  trucks,  with  the  aid  of  which 
four  men  can  remove  the  car  from  the  track 
in  less   than   a  minute. 

One  of  the  illustrations  shows  the  two  tam- 
pers in  use,  with  one  man  for  each.  Each 
tamper  is  fitted  with  a  tamping  bar  of  the 
ordinary  shape,  and  weighs,  complete,  ^iVA 
lbs.  It  is  stated  that  the  machine  is  equally 
effective  for  stone,  gravel  or  cinder  ballast, 
that  it  can  be  worked  to  advantage  around 
frogs  and  switches  where  hand  tamping  is 
difficult  or  impossible,  and  that  trackmen  pre- 
fer it  to  the  tamping  pick  or  the  tamping  bar. 
A  performance  record  kept  on  one  of  the  units 
through  the  entire  season  of  1913  showed  a 
tamping  cost  of  2.6  cents  per  tie  with  the  ma- 
chine, as  compared  with  from  10  to  20  cents 
by  the  hand  method.  The  record  also  showed 
that   two  men   can   average   300  ties   per   day. 


FIG.  2.      SHOVVIxXG  COMPRESSOR  CAR. 

A  service  test  was  made  some  time  ago  to 
determine  the  comparative  stability  of  track 
tamped  by  hand  and  that  tamped  pneumatical- 
ly. A  section  of  track  on  the  West  Shore 
Railroad  in  the  Hackensack  Meadows  in  Xev/ 
Jersey  was  selected,  where  the  foundati'.?n  iS 
soft  and  it  is  difficult  to  maintain  the  trarl; 
in  good  condition.  An  800-ft,  stretch  of  track 
was  tamped  by  machine  and  an  equal  length 
by  hand.  After  six  months  observations  show- 
ed settlement  as  given  in  the  accompanying 
table. 

TRACK    SETTLEMENT   IN    INCHES   AFTER    HAND   AND 
MACHINE  TAMPING. 

Greatest.        Least.     Avg. 

Hand    lamping    0.116        0.018        0.067 

Machine  tamping  . . .  0.063  0.004  0.033 
The  compressor  cars  and  pneumatic  tampers 
are  manufactured  by  the  Ingersoll-Rand  Com- 
pany, of  New  York  City.  The  New  York 
Central  &  Hudson  River  Railroad  now  has 
twelve  outfits  in  service. 


EFFICIENCY   IN   MICHIGAN  COPPER   MINES 

Unlike  the  Lake  Superior  iron  mines,  where 
"efficiency  engineering"  has  received  only  fit- 
ful encouragement,  the  Lake  Superior  copper 
mines  have  given  it  careful  and  systematic  at- 
tention for  several  years.  In  fact,  the  zeal 
of  the  copper  companies  for  efficiency  en- 
gineering became  possibly  a  little  too  absorb- 
ing: for  it  is  no  secret  that  it  was  one  of  the 
indirect  reasons  for  the  long  and  costly  Lake 
Superior  strike.  Two  or  three  years  ago.  it 
was  rumored  around  Lake  Superior  that  the 
new  efficiency  campaign  in  progress  with  the 
Calumet  &:  Hecla  companies  would  save  them 
half  a  million  dollars  or  more  per  year.  The 
cost    of    driving    had    been    reduced    30   to    40 


75o6 


COMPRESSED  AIR  MAGAZINE. 


per  cent,  and  the  cost  of  sloping  lo  to  20  por 
cent.  At  the  same  time,  apart  from  the  atti- 
tude of  the  miners  who  did  not  take  kindly 
to  the  efficiency  methods,  the  thorough  tabula- 
tion of  rock  drilling  and  mining  mctliods 
brought  to  light  by  the  campaign  were  m- 
teresting.  An  outsider  would  be  surprised  at 
the  detail  with  which  the  art  of  rock  drilling 
was  studied.  For  instance,  the  operation  of 
cranking  back  a  rock-drill  on  its  feed-screw, 
performed  three  or  four  times  for  every  hole 
drilled,  was  found  to  take  a  certain  number 
of  seconds  under  ordinary  conditions.  But 
when  the  crank  handle  was  fitted  with  an  iron 
ring  or  flywheel  (like  that  on  a  large  ice 
cream  freezer),  8  or  10  inches  in  diameter,  it 
was  found  that  cranking  back  took  several 
seconds  less  each  time.  With  such  a  flywheel, 
given  a  few  swift  turns,  a  well  greased  rock- 
drill  would  nearly  screw  itself  back.  In  a 
small  mine  such  a  detail  would,  of  course,  not 
be  w'orth  bothering  about,  but  with  several 
thousand  men  of  the  Calumet  &  Hecla  com- 
panies, it  was  considered  worth  while.  In  the 
experiments  using  compressed  air  of  diflferent 
pressures  for  running  rock-drills,  it  did  not 
always  make  a  drill  operate  faster  or  hit 
harder  to  increase  the  air  pressure.  For  in- 
stance, one  drill  of  certain  make  and  with 
-a  certain  kind  of  valve,  drilled  faster  with  air 
at  70  lb.  pressure  than  with  air  at  85  lb. 
Other  rock-drills  required  the  high  pressures 
for  best  working.  One  drill  could  not  stand 
too  much  air  at  once,  and  worked  best  with 
the  air  inlet  cut  down  to  ^  in.  Water  in  the 
compressed  air  afifected  some  rock-drill  valves 
badly,  and  made  them  freeze ;  another  type 
rarely  froze.  Rock-drills  with  a  "short-strok- 
ing" attachment  were  desired,  not  only  for 
convenience  in  "fitchered"  holes,  but  for  using 
drill-steels  slightly  too  long  for  the  full  stroke, 
as  often  happens  in  changing  steel,  and  for 
general  desirability  in  starting  holes.  The  at- 
tention given  to  setting  up  a  column  with  its 
swinging  arm  and  saddle,  was  al.so  very  close 
and  several  small  mechanical  appliances  were 
invented  to  hasten  that  part  of  the  miner's 
work.  Another  feature  adopted  by  some  com- 
panies is  the  use  of  ^-in.  drill  steel  in  place 
of  i^-in.,  which  reduces  the  area  of  the  drill 
holes  so  that  with  less  rock  to  cut,  the  cutting 
goes  faster,  requiring,  however,  higher  per 
cent,  dynamite  in  narrower  sticks.  On  the 
South   Range,   where  the   Copper  Range   Con. 


mines  use  the  ''dry-wall"  method  of  sloping 
(the  lodes  are  too  flat  for  it  as  Calumet j, 
tailing  from  the  stamp-mill  is  brought  back 
in  the  ore  cars  and  piped  and  blown  by  com- 
pressed air  into  the  stopes  for  standing  on  to 
reach  ihe  back,  in  this  way  eking  out  the 
waste  rock  ordinarily  used  to  stand  on  as  a 
result  of  the  sorting  underground.  It  was 
formerly  necessary  to  tap  old  stopes  for  addi- 
tional waste  or  to  blast  it  from  the  walls, 
which  methods  were  expensive,  especially  the 
latter. 

In  1909,  when  two-man  drills  were  in  use, 
the  average  driving  per  man  per  shift  was 
0.7  ft.  for  the  Superior  mine  (as  well  as  ap- 
proximately for  the  entire  copper  country). 
In  191 1,  when  the  Calumet  &  Hecla  had  in- 
troduced one-man  drills  and  efficiency  methods 
in  its  Superior  mine,  where  these  innovations 
were  first  given  trial,  that  mine  raised  Ihis 
figure  to  1.2  ft.  per  man  per  shift,  and  a 
little  later  to  1.5.  Since  then  all  the  Calumet 
&  Hecla  companies  have  introduced  the  meth- 
ods tried  out  in  the  Superior,  as  have  most 
of  the  other  operators  also,  and  nearly  as 
startling  gains  in  efficiency  have  been  made 
as  was  the  case  in  the  Superior. — Mining  mid 
Scientific  Press. 


IMPORTANT  PATENT  SUSTAINED 

In  the  construction  of  the  foundations  of 
many  of  the  great  buildings  of  more  recent 
erection  in  lower  Manhattan,  caissons  have 
been  sunk  close  together,  all  around  the  space 
built  upon,  and  these  caissons  have  finally  been 
so  joined  together  as  to  form  a  watertight  en- 
closure. A  patent  embodying  this  system  was 
issued  to  John  F.  O'Rourke,  July  16,  1901,  and 
this  patent  has  been  sustained  in  a  decision 
by  Judge  Learned  Hand,  Dec.  31. 

The  O'Rourke  Engineering  Construction  Co., 
brought  suit  against  The  Foundation  Co.,  for 
infringement  of  the  above  patent.  The  defen- 
dants claimed  that  the  construction  described 
in  O'Rourke's  patent  was  anticipated  by  the 
method  of  construction  adopted  in  the  founda- 
tions of  the  Postal  Telegraph  building,  on  the 
corner  of  Broadway  and  Murray  St.,  New 
York  City.  Apparently  in  this  building  inde- 
l)endent  caissons  were  sunk,  but  the  methods 
adopted  for  closing  the  space  between  them 
differed  from  that  set  forth  in  the  O'Rourke 
patent,  and  the  judge  held  therefore  that  the 
latter  was  not  anticipated. 
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DRILL    WAGONS    IN    QUARRY    WORK 

At  tlic  quarry  of  the  Dewey  Portland  Ce- 
tiicnt  Co.,  Dewey,  Okla.,  the  one  thing  to  be 
accomplished  is  the  getting  out  of  the  material 
ui  condition  suitable  for  the  crushers  and  at 
as  low  a  cost  as  possible  for  the  operation. 
The  surface  of  the  rock  is  practically  level  and 
the  general  scheme  is  to  drill  holes  to  a  uni- 
form depth  and  about  lo  ft.  apart,  loading 
ithem  with  3  in.  40  per  cent,  gelative  and  firing 
a  large  area  at  once,  the  object  being  to  raise 
the  rock  and  break  it  up,  and  not  to  throw  it 
out  into  the  quarry,  the  subsequent  handling 
of  the  rock  being  done  by  a  steam  shovel. 

During  the  present  year  the  drilling  has 
all  been  done  by  one  drill  w^agon  equipment. 
This  comprised  a  standard  Ingersoll-Rand 
H-64,  20  ft.  feed,  turntable  drill  equipped  with 
a  35  hp.  boiler.  Ordinarily  the  machine  is 
operated  by  one  drill  runner  and  one  helper, 
and  w^hen  necessary  to  move  the  track  addi- 
tional help  is  called  up  from  the  steam  shovel 
and  switching  gang  in  the  quarry.  It  is  con- 
sidered, however,  that  there  should  be  three 
men  constantly  attached  to  the  drill  to  run 
it  most  efficiently,  as  even  though  the  boiler 
is  gas  fired,  it  requires  considerable  attention 
to  keep  the  steam  right,  and  the  one  helper 
can  hardly  find  time  to  keep  things  going  all 
right  at  each  end  of  the  wagon. 

When  demonstrated  for  acceptance  this  drill 
did  from  140  ft.  to  200  ft.  of  syi  in.  hole  per 
10  hr.  day,  the  holes  being  from  18  to  20  ft. 
deep.  The  drill  was  sold  under  a  150  ft. 
guarantee,  which  was  easily  made  to  the  satis- 
faction of  the  quarry  owners,  and  no  attempt 
was  made  by  the  demonstrator  to  make  or 
break  any  records,  most  of  his  time  being 
spent  in  teaching  the  new  operator  how  to  get 
the  best  results.  Another  reason  for  not  at- 
tempting any  astonishing  records  in  this  case 
was  in  the  fact  that  there  was  great  objection 
to  the  water  used  in  washing  the  cuttings  out 
of  the  hole,  as  the  rock  mixed  with  this  wa- 
ter becomes  more  or  less  muddy  and  does  not 
go  through  the  crusher  as  well,  so  that  it  was 
necessary  to  reduce  the  supply  of  water  to  a 
minimum  and  then  the  drill  throttle  could  not 
be  opened  to  take  full  advantage  of  the  pow 
er  available.  Under  other  conditions  the  drill 
would  not  be  under  this  handicap,  and  could 
make  a  still  better  showing. 

At  each  setting  of  the  wagon  on  the  track 
one  hole  would  be  drilled  on  the  side,  with  the 
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DRILL   WAGON   IN   QUARRY. 

drill  in  the  position  shown  in  the  photo,  Fig. 
I,  and  then  the  turntable  would  be  given  half 
a  turn  for  drilling  a  corresponding  hole  on  the 
other  side  of  the  track;  after  moving  the  ma- 
chine along  10  ft.  on  the  track  two  more  holes- 
would  be  drilled  in  the  same  wav.  and  so  on. 


THE  SAND  BLAST  FROM  THE  USER'S  VEIW- 
POINT 

BY    H.    D.    GATES.* 

The  foundry  sand-blast  was  developed  for 
the  cleaning  of  castings,  and  its  many  ad- 
vantages for  cleaning  or  surfacing  in  all 
branches  of  metal  working,  plating  and  finish- 
ing have  been  so  fully  demonstrated  that  it  is 
today  a  fixture.  Thoroughly  sand-blasted  cast- 
ings can  be  machined  more  rapidly  and  at  re- 
duced expense.  The  value  of  the  sand-bla-t 
in  sheet  and  structural  steel  work  has  been 
thoroughly  demonstrated,  and  the  railroads 
generally  demand  the  sand-blasting  of  steel 
cars  before  painting.  A  smooth  surface  re- 
sults and  the  paint  protects  the  metal  better 
from  corrosion.  Metals  to  be  plated,  japanned, 
galvanized,  sherardized,  or  treated  with  the 
various  rust  prevention  processes,  such  as 
"Coslettizing."     "Bower-Barff."     '"carbonium." 

*Abstract  of  paper  before  Associated 
Foundrv    Foreman    of    New    York. 
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etc.,  are  thoroughly  cleaned  by  the  s:incl-blast 
preparatory  to  treatment.  Bars,  rods  and 
plates  to  be  electrically  welded  are  freed  from 
scale  and  rust  in  order  to  insure  perfect  con- 
tact. 

A  variety  of  sand-blast  apparatus  is  avail- 
able for  foundry-men  and  other  users ;  for 
small  work  adapted  in  size  and  shape  for 
cleaning  in  the  sand-blast  barrel  there  can  be 
no  question  of  the  economy  of  this  type  of  ma- 
chine. Pieces  too  large  for  successful  bar- 
reling may  be  cleaned  with  the  least  labor 
on  the  round  and  reciprocating  type  table  ma- 
chines, but  if  the  pieces  are  of  such  shape  or 
design  as  to  demand  constant  turning  to 
bring  all  surfaces  under  the  action  of  the 
nozzle,  one  of  the  small  enclosed  cabinets  of 
the  self-contained  continuous  feed  type,  with 
stationary  or  portable  nozzle,  may  be  found 
more  efficient.  The  combination  pressure  blast 
and  cabinet  machine  also  affords  at  small 
cost  efficient  equipment  for  a  small  volume  of 
work  of  varied  character.  It  is  safe  to  sa}', 
however,  that  the  varied  character  and  limited 
output  of  the  majority  of  foundries  and  other 
plants  requiring  sand  blasting  equipment  is  best 
served  by  machines  that  will  clean  everything 
and  anything.  For  these  the  hose  type  nia- 
chine  is  most  efficient.  It  is  simple,  having 
few  working  parts,  and  the  up-keep  cost  is 
reduced  to  a  minimum. 

Under  pressure  of  80  pounds  per  square 
inch  a  3-16  inch  nozzle  will  discharge  48  cubic 
feet  of  free  air  per  minute  and  500  pounds 
of  sand  per  hour ;  a  J4  inch  nozzle  discharges 
85  cubic  feet  of  air  per  minute  and  approxi- 
mately 900  pounds  of  sand  per  hour ;  a  5-16 
inch  nozzle,  133  cubic  feet  of  air  per  minute 
and  1300  pounds  of  .sand  per  hour;  a  ^  inch 
nozzle,  191  cubic  feet  of  air  per  minute  and 
1700  pounds  of  sand  per  hour;  a  Yz  inch 
nozzle,  340  cubic  feet  of  air  per  minute  and 
approximately  3000  pounds  of  sand  per  hour. 

What  is  the  most  satisfactory  working  pres- 
sure is  a  question  much  discussed,  but  to 
which  there  is  but  one  answer,  and  that  is  the 
pressure  at  which  the  work  can  be  done  the 
cheapest,  all  other  factors  being  considered. 
If  it  is  required  to  remove  loose  sand  from 
castings  a  working  pressure  of  30  pounds  or 
less  will  undoubtedly  be  satisfactory  even  on 
iron  or  steel,  and  should  provide  a  surface 
suitable  for  painting.  If,  however,  the  cast- 
ings are  to  be  machined,  every  particle  of  the 


fused  sand  should  be  taken  off  in  order  to 
expose  the  clean  metal  to  the  action  of  the 
cutting  tool.  This  condition  on  steel  can  be 
secured  only  with  sand-blast  pressure  up  to 
90  pounds  in  order  to  be  economical.  Remov- 
ing all  the  fused  sand  will  not  only  reduce  tool 
expense  materially,  but  in  actual  practice  has 
demonstrated  that  the  output  of  machine  tools 
will  be  increased  at  least  15  per  cent. 

In  order  to  determine  the  most  economical 
pressure  for  sand-blasting  apparatus  there 
must  be  taken  into  consideration,  besides  the 
elements  of  labor  and  abrasive,  the  initial 
pressure  at  which  the  air  is  being  delivered 
from  the  compressor.  The  majority  of  pneu- 
matic equipment  in  use  today  requires  about  80 
pounds  pressure,  and  in  some  installations  of 
sand-blast  apparatus  we  find  the  air  supply  is 
being  delivered  to  the  receiver  at  this  pressure. 
While  it  might  be  demonstrated  that  the  cast- 
ings could  be  most  economically  cleaned  at 
a  lower  pressure  if  the  air  were  initially  com- 
pressed to  that  pressure,  it  is  manifestly  cheap- 
er to  use  the  air  at  the  full  or  standard  pres- 
sure of  80  pounds  if  other  requirements  in  the 
plant  demand  that  pressure.  The  fact  must 
not  be  lost  sight  of  that  every  cubic  foot  of 
air  used  for  sand-blast  purposes  which  is  re- 
duced to  the  lower  pressure  costs  the  same  in 
horsepower  expenditure  that  it  would  if  it 
were  used  at  the  initial  pressure  of  80  pounds. 

Tests  made  by  Prof.  William  T.  Magruder, 
reported  in  a  paper  read  before  the  American 
Society  of  Mechanical  Engineers,  to  determine 
the  amount  of  metal  removed  by  a  sand-blast 
showed  that  the  time  required  to  remove  one 
pound  of  iron  with  20  pounds  pressure  was 
3.55  hours;  30  pounds,  277  hours;  40  pounds, 
2.  F3  hours;  50  pounds,  1.52  hours;  60  pounds, 
1.07  hour;  and  70  pounds,  0.82  hours.  In  one 
instance  it  was  shown  that  230  cubic  feet  of 
free  air  requiring  Tz  horsepower  to  compress, 
was  discharged  through  a  9-16  inch  nozzle  at 
40  pounds  pressure,  and  120  pieces  weighing 
200  pounds  each  were  cleaned  in  a  ten-hour 
day.  With  a  pressure  of  80  pounds  passing 
through  a  V2  inch  nozzle,  flowing  140  cubic 
feet  of  free  air  per  minute,  156  pieces  were 
cleaned  in  ten  hours.  In  the  first  instance  the 
air  was  compressed  to  80  pounds  and  passed 
through  a  reducing  valve  to  the  sand-blast 
machine.  I  lad  the  air  in  the  first  instance 
been  initially  compressed  to  40  pounds  the 
power    saving    would   have    been    over    12   per 
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cent,  of  tlic  Iiii^Iier  pressure  lo  say  nothing 
of  the  greater  output.  The  general  proposi- 
tion of  the  low  pressure  cleaning  is  volume 
of  sand,  which  requires  the  large  hose  anrl 
no/zle,  consuming  air  at  low  pressure  and  cost, 
while  the  high  pressure  provides  a  minimum 
of  sand  driven  with  high  velocity  through  a 
small  hose  and  nozzle  with  high  pressure  and 
cost  of  air.  The  horse-power  cost  is  app'^oxi- 
mately  the  same  for  the  same  results  by  either 
operation  with  the  air  initially  compressed  to 
the  operating  pressure,  and  the  determining 
factors  will  therefore  be  the  volume  of  output 
with  a  minimum  of  labor  cost. 


Discharge 
chamber 


Discharge 
chamber 


Water jdcHet 


AIR    PUMP    WITHOUT    CLEARANCE. 

AN   AIR   PUMP  WITH   NO  CLEARANCE- 

An  air  pump,  invented  by  E.  W.  Christie, 
mechanical  engineer  of  the  Wheeler  Conden- 
ser &  Engineering  Co.,  at  Carteret,  N.  J., 
solves  the  question  of  clearance  by  using  a 
central  belt  port  (like  the  Unaflow  engine's 
exhaust)  for  an  inlet  port  and  making  the 
cylinder  head  the  exhaust  valve. 

Referring  to  the  accompanying  section,  when 
the  piston  is  at  the  end  of  its  stroke  the  cen- 
tral port  is  uncovered  and  the  cylinder  fills 
with  air  and  vapor  of  the  pressure  existing 
in  the  condenser,  together  with  some  water. 
The  first  movement  of  the  piston  on  the  re- 
turn stroke  covers  this  port  and  the  air  and 
vapor  are  compressed  and,  wnth  the  watei, 
discharged  at  AA  when  the  head  which  forms 
a  discharge  valve  is  lifted  from  its  seat  against 
the  tension  of  the  seating  springs.  The  mov- 
able heads  are  made  to  fit  closely  into  the 
piston  so  that  the  clearance  is  eliminated. 

The  cylinder  barrel  is  completely  water- 
jacketed  except  at  the  air-inlet  ports.  The 
pump  is  of  the  "wet  air"  type,  removing  both  air 


and  condensate,  but  may  be  used  for  air  only  by 
furnishing  a  slight  amount  of  sealing  water. 
It  is  adapted  to  either  the  crank-and-fiywheel 
construction  or  for  connection  to  direct-acting 
steim  cylinders,  with  which,  regardless  of  the 
variable  stroke,  the  air  is  completely  dis- 
charged and  a  high  vacuum  is  thereby  main- 
tained. The  combined  equipment — direct-act- 
ing air  and  condensate  pump  at  one  end,  steam 
cylinder  in  the  center  and  direct-acting  circu- 
lating pump  at  the  other  end — usually  good 
for  25  to  26  in.  of  vacuum — will,  with  the 
Christie  pump,  maintain  a  vacuum  of  28  in. 
or  more.  In  tests  at  the  shop,  guaranteed  per- 
formances of  28  in.  with  80-deg.  water  are 
easily  surpassed.  A  higher  vacuum  result 
was  as  follows : 

Barometer      30.2  in 

Vacuum    attained    29.4  in. 

Pressure  in  condenser   (abs.) 0.8  in. 

Temperature  sealing  water 60.0  deg.  f". 

Pressure  corresponding  to  60  deg.  F  0.522 
Pressure  in  excess  of  that  of  vapor  0.278 

The  pressure  in  the  condenser  was  less  than 
0.3   of  an   inch   more  than   the   vapor   tension 
due  to  the  temperature  of  the  sealing  water, 
showing   that   the   pump   maintains   a   vacuum - 
nearlv   the   theoretical   maximum. — Power. 


FALLING  BODIES    IN    DEEP    MINE    SHAFTS 

The  Michigan  College  of  Mines,  Houghton, 
Mich.,  has  made  some  tests  of  falling  bodies 
in  a  deep  vertical  shaft  of  a  copper  mine  at 
Calumet,  Mich.  Within  a  radius  of  a  mile 
from  Calumet  are  three  of  the  deepest  shafts 
in  the  world,  one  of  them  being  5,300  ft.  deep. 
One  of  the  experiments  consisted  in  dropping 
a  smooth  metal  ball  2  in.  in  diameter  from 
the  centre  of  the  shaft  and  trying  to  catch  it 
in  a  box  of  clay  placed  4,200  ft.  beneath.  An- 
other ball  was  dropped  from  the  south-west 
corner  of  the  shaft.  The  balls  were  dropped 
by  burning  threads  by  which  they  were  sus- 
pended so  that  they  started  to  fall  without 
any  lateral  motion.  The  shaft  is  9  ft.  by  30  ft. 
in  cross-section.  The  first  of  the  balls  was 
suspended  4  ft.  from  the  side  of  the  shaft  and 
the  second  from  a  point  9  ft.  from  the  opposite 
corner.  Neither  of  the  balls  reached  the  "box 
of  clay ;  one  of  them  was  never  found  and 
the  other,  presumably  the  one  started  from  the 
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centre,  was  found  by  a  workman  lodged  in  I'lo 
timbers  on  tbe  cast  side  of  the  shaft  800  ft 
from  the  surface. 

Bodies  dropped  into  the  shaft  invari:ibly 
lodge  somewhere  in  the  east  wall.  This  action 
takes  place  because  the  earth  is  rotating  on  its 
a.xis  from  west  to  east.  At  Calumet  a  particle 
at  the  surface  is  moving  to  the  east  at  the 
rate  of  about  i.ooo  ft.  per  second;  but  a 
particle  5.000  ft.  down  the  shaft,  having  the 
same  angular  velocity  as  the  particle  on  the 
surface,  is  moving  eastward  at  a  rate  of  4  in. 
less  than  1,000  ft.  per  second.  The  ball  sus- 
pended at  the  top  of  the  shaft  had  a  i,ooo-ft.- 
per-second  velocity ;  it  was  not  only  moving 
eastward  at  that  rate  when  it  started  to  fall, 
but  continued  moving  eastward  all  the  way 
dowMi  the  shaft.  Meanwhile,  it  dropped  to  the 
bottom  at  a  rate  which  would  have  taken  17% 
seconds  for  the  fall,  if  there  had  been  no  air 
resistance  to  encounter.  During  the  17^  sec- 
onds, the  particle  at  the  surface  and  the  ball 
falling  at  the  same  rate  would  have  travelled 
I7K>  times  4  in.,  or  nearly  6  ft.  further  east- 
ward than  the  particle  at  the  bottom  of  the 
shaft.  The  ball  started  from  the  centre  of  the 
shaft,  therefore,  struck  the  east  wall  long 
before  it  reached  the  bottom.  As  a  matter  of 
fact,  the  resistance  of  the  air  at  the  high 
speed  the  ball  acquired  soon  after  starting. 
was  sufficient  to  prevent  any  further  accelera- 
tion, and  consequently  the  ball  was  much  long- 
er than  171/2  seconds  in  falling.  In  fact,  only 
800  ft.  of  fall  was  required  for  the  ball  to 
make  the  4  ft.  from  the  centre  of  the  shaft  to 
the  east  wall  and  the  other  ball  must  have 
lodged  at  some  point  not  much  further  down. 

If  the  walls  of  the  .shaft  were  smooth  and 
free  from  obstruction,  no  doubt  a  falling  body 
would  rebound  from  side  to  side  of  the  shaft 
and  finally  reach  bottom,  but  the  many  tim- 
bers in  the  lining  of  the  shaft  and  the  levels  all 
the  way  down  furnish  places  w^herc  a  body 
is  sure  to  lodge,  and.  so  if  a  load  of  ore  were 
to  be  spilled  into  the  shaft  near  the  top  mo>t 
of  it  would  later  be  found  clinging  to  the  shaft 
or  stranded  on  the  levels  east  of  the  shaft. 


MACHINE   C0AL=MIN1NQ 

According  to  returns  made  by  the  United 
States  Bureau  of  Mines,  the  use  of  coal-cut- 
ting machinery  is  rapidly  advancing.  In  the 
year  1900,  about  20  per  cent  of  the  output  was 
won  in  this  way,  whereas  in  1913  the  proi)or- 
tion  had  risen  to  46  per  cent.  In  Great 
Britain  the  advance  had  also  been  notable,  but 
is  still  far  behind  that  of  the  United  States, 
for  in  1913  only  9  per  cent,  of  the  output 
was  won  by  machines.  The  following  tables 
give  the  number  of  machines  in  use.  the 
amount  of  coal  won  by  machines,  and  the 
output  per  machine  during  the  last  few  years. 


United  Kingdom. 


Years. 

Machines  in 
use. 

Coal  won. 

Production 
per  Machine. 

No. 

Tons. 

Tons. 

1900 

311 

3,312;000 

10,650 

1902 

478 

4,161,200 

8,706 

1905 

946 

8,102,200 

8,564 

1906 

1,136 

10,202,500 

8,981 

1910 

1,959 

15,878,800 

8,105 

1911 

2,146 

18,667,300 

8,698 

1912 

2,444 

20,274,100 

8,295 

1913 

2,894 

24,609,300 

8,503 

United  States. 


Year. 

Machines  in 
use. 

Coal  won. 

Production 
per  Machine. 

No. 

Tons. 

Tons. 

1900 

3,907 

47,129,000 

12,062 

1902 

5,418 

62,153,300 

11,471 

1905 

9,184 

92,318,200 

10,052 

1906 

10,212 

106,113,800 

10,390 

1910 

13,254 

155,368,100 

11,722 

1911 

13,829 

159,070,000 

11,503 

1912 

15,298 

187,981,100 

12,280 

1913 

16.381 

216,496,900 

13,216 

During  the  same  time,  the  total  United  States 
production  advanced  from  240,800,000  tons  in 
1900,  to  509,000,000  tons  in  191 3,  and  the 
British  production  from  225,000,000  tons  to 
287,000,000  tons.  Of  the  various  types  of  ma- 
chine, there  were  in  1913  in  Great  Britain, 
1246  di.sc,  542  bar,  250  chain,  839  percussive, 
and  17  rotary  heading  machines.  In  the 
United  States  the  classification  was :  6327  pick, 
6936  chain-breast,  791  longwall,  2210  short- 
wall,   and    117   radialax   or   post   macninos. 


Buoys  of  reinforced  concrete  built  for  Kings- 
ton, Jamaica,  weigh  each  about  5  tons,  carry 
about  one  ton  of  ballast,  and  are  said  to  cost 
a  little  less  than  half  as  much  as  steel  buoys 
of  the  same  size. 


An  average  day's  work  for  a  fireman  on  a 
large  locomotive  is  to  handle  25  tons  of  coal 
at  the  rate  of  about  five  15-lb.  shovelfuls  per 
niinntc  of  a    lo-hr    dav 
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SPRAYING    HEAVY    ASPHALT 

The  accompanying  illustration  shows  the  de- 
tails of  a  spraying  nozzle  used  on  all  the  as- 
phalt distributing  wagons  of  the  Illinois  State 
Highway  Department.  Steam  and  compress- 
ed air  are  supplied  by  a  steam  road  roller 
or  traction  engine,  used  to  draw  the  asphalt 
tank  wagon.  The  nozzle  is  attached  to  the 
tank  wagon  by  a  flexible  hose  connection  and 
the  hot  liquid  asphalt  is  forced  out  under  air 
pressure  in  the  usual  way.  This  type  of  nozzle 
is  suitable  for  all  grades  of  asphalts  or  tars. 
It  has  been  found  to  be  very  satisfactory  in 
surface-oiling  roads,  as  the  material  can  be 
applied  in  a  very  fine  mist  in  any  quantity 
desired  from  %  gal.  to  2  gal.  per  sq.  yd.  The 
steam  connection  near  the  base  of  the  spray 
superheats  the  bituminous  material  and  also 
breaks  it  up  into  a  very  fine  spray  as  it  comes 
from  the  nozzle  under  the  air  pressure.  There 
are  other  advantages  in  this  type  of  nozzle, 
inasmuch  as  the  high  pressure  that  can  be 
secured  will  remove  surplus  dust  from  the 
surface  of  the  road  and  also  force  the  bitumin- 
ous material  into  all  interstices  of  the  road 
surface. —  (P.  C.  McArdle,  Acting  Chief  En- 
gineer, Illinois  State  Highway  Department. — 
Eng.    News. ) 


PNEUMATIC  DRILL  COLUMN 

BY    SVEN    v.    BERGH. 

An  important  factor  to  be  considered  in 
getting  the  highest  efficiency  out  of  the  modern 
hammer-drill  is  the  simplification  of  the  drill 
mounting  when  such  mounting  is  required. 
The  labor  cost,  compared  with  the  other  costs 
of  operation,  is  in  most  cases  predominant,  and 
it  must  be  borne  in  mind  that,  roughly  esti- 
mated, only  40  to  50  per  cent,  of  the  total 
shift  can  be  used  for  actual  drilling,  the  rest 
being  absorbed  in  setting  up  and  other  manipu- 
lation of  the  machine. 

When  a  column   or  bar  has  to  be  used  the 


drill  may  be  either  attached  to  it  directly  or 
it  may  be  carried  on  an  arm  ;  the  column  it- 
self may  be  eitlur  the  single-screw  or  the  dou- 
ble-screw type.  in  any  case,  its  height  is 
adjustable  to  only  a  limited  e.xtent.  Hence, 
to  make  a  set-up  in  the  best  position  fr)r  the 
round  of  holes  to  be  drilled,  the  workm  m  has 
to  use  a  good  deal  of  skill  and  do  considerable 
planning;  in  most  cases  a  lot  of  time  is  wasted 
in  mucking,  arranging  blocking,  picking  down 
back  or  picking  up  bottom,  in  order  to  get 
good  bearing  surfaces  for  the  column. 

To  facilitate  these  operations,  a  pneumatic 
drill-column  was  devised  and  has  been  used 
w'ith  good  results  for  several  years  at  the 
iron  mines  of  Malmberget,  Sweden.  It  re- 
sembles in  general  the  telescopic  air-feed  ol 
the  stoper  type  of  drill.  A  longitudinal  sec- 
tion is  shown  herewith.  The  height  of  this 
particular  column  can  be  varied  between  6.23 
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and  11.48  ft.  When  the  column  is  fully  run 
out,  the  compressed  air  is  shut  off  by  means 
of  an  automatic  cutoff  valve.  There  is  no  need 
of  the  usual  arm  in  order  to  provide  a  suffi- 
ciently wide  range  of  positions  for  the  ma- 
chine. The  column,  drill  and  all  are  easily  re- 
moved from  one  position  to  another  as  re- 
quired, and  the  absence  of  an  arm  makes  this 
all  the  easier.  The  drill-clamp  is  adjustable 
with  one  single  screw-bolt,  and  is  made  with  a 
hinge  so  that  the  machine  can  be  swung  over 
to  one  side,  when  the  drill  steel  has  to  be 
changed.  The  clamp  is  attached  to  the  outer 
tube.  This  has  a  toothed  foot-piece  which 
bears  on  the  bottom  and  resists  rotation.  The 
inner  tube  ends  in  a  point  which  bears  against 
the  back.  It  is,  of  course,  not  subject  to  any 
torsion. 

The  column  was  found  sufficiently  stable 
when  the  regular  drilling  pressure  was  used, 
but  is  adapted  only  to  light  hammer  drills 
of  the  stoper  type  with  telescopic  air  feed  and 
for  drilling  in   soft  to  medium-hard  rock. 

It  should  be  noted  that  when  air  is  turned 
off,  the  machine  first  stops  drilling  and  the  air 
in  the  column  maintains  static  pressure  for 
some  time.  It  can.  however,  be  exhausted 
rapidly, if  desired. — Eng.  and  Minn.  Journal. 
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PAINTINGS  DESTROYED  BY  AIR  AND  GASES 

One  of  the  reasons  that  the  ancient  paint- 
ings have  lasted  so  long  as  compared  with 
some  of  the  modern  is  the  fact  that  the  con- 
dition of  the  atmosphere  in  a  modern  city  is 
so  totally  different  now  from  what  it  was 
prior  to  the  invention  of  some  of  our  modern 
conveniences.  For  instance,  in  the  city  of 
New  York  the  air  contains  a  pei^ceptiblc 
amount  of  sulfuric  acid,  due  to  the  burning 
of  hard  coal.  In  the  city  of  Pittsburgh  and  in 
the  city  of  London  the  air  contains  other 
acids,  and  coal  dust  in  addition.  The  influ- 
ences of  coal  gas  and  of  the  products  ob- 
tained from  burning  illuminating  gas  are  suf- 
ficient to  have  a  serious  effect  on  paintings. 
Then,  again,  light  and  darkness  are  important 
factors  in  the  preservation  or  destruction  of 
pictures.  Light  bleaches  and  darkness  black- 
ens, and  a  painting  which  remains  in  a  dark 
corner  for  six  months  turns  yellow  wherever 
oil,  or  an  oil  varnish,  was  used  on  it. 

In  restoring  paintings  one  of  the  simplest 
methods,  and  one  of  the  most  efficient  is,  after 
wiping  them  free  from  dust  and  dirt,  to  place 
them  in  the  bright  sunlight  for  two  or  three 
days,  and  the  sunlight  will  bring  back  the  col- 
ors, excepting  such  modern  lake  colors  as  are 
faded  by  the  sun,  in  all  their  pristine  glories. 

BOILED    CABBAGE. 

Another  destructive  agent  to  paintings  in 
homes  is  the  gases  derived  from  the  cooking 
of  vegetables.  Certain  veegtables  contain  a 
large  amount  of  sulphur,  which  is  easily  lib- 
erated, particularly  in  the  presence  of  vinegar, 
and  this  sulphur  affects  the  colors,  particularly 
those  containing  white  lead,  lead  pigments, 
and  others.  To  a  very  large  degree  varnish- 
ing preserves  paintings  from  the  influence  of 
gases,  but,  of  course,  the  varnish  used  must 
not  be  made  with  a  drier  which  contains  any 
chemical  affected  itself  by  gases. 

Then  there  is  the  interaction  of  one  color 
upon  another.  Ultramarine  blue,  which  is  per- 
fectly permanent  by  itself,  when  mixed  with 
flake  white  and  subjected  to  the  influence  of 
an  acid  gas  changesin  color  from  a  sky  blue 
to  a  dirty  brown. — Maximilian  Toch,  before 
Franklin  Institute. 


The  Tonopah  and  Tidewater  Railroad  has 
completed  its  twenty  mile  branch  line,  called 
the  Death  Valley  Railroad,  across  the  Funeral 
mountains,  from  Death  Valley  jtmction  to  the 
ed'^e  of  the  valley. 


THE    ENGINEER'S    THE    BLOKE 

BY    ROBERT    T.    GEBLER. 

You  can  rave  about  yer  bloomin'  Tommy  At- 
kins on  parade 

And  yer  lady-like  lieutenants  on  the  Mall. 

You  can  talk  about  your  gunboats,  yer  rifles 
and  yer  camps 

And  yer  heroes  in  the  rain  of  leaden  ball. 

But  the  bloke  I  doffs  me  hat  to 

Didn't   fight  the   sly  mulatto 

But  he  was  in  the  battle  just  the  same. 

He's  the  bloke  that  planned  yer  bridges, 

Built  yer  roads  across  the  ridges, 

To  let  Tommy  Atkins  march  into  the  game. 

With  'is  transit  or  'is  level  he  would  work  to 

beat  the  devil — 
The  devil  of  a  Kafiir,  sir,   I  mean — 
But    the    blokes    as    write    the    stories    never 

pass    'im   any   glory 
And    they    never    throws    'im    on    the    movie 

screen. 
Out  there  'e  is  a  plannin' 
And  a  river  'es  a  spannin' 
As  'e  gets  the  place  in  order  fer  the  fair; 
But  the  'eathen  start  a  shoutin' : 
They've   fergotten   all   about   'im 
And  the  history  won't  say  that  he  was  there ! 

Yer  millionaires  cut  capers,  get  their  pictures 
in  the  papers 

And  the  public  then  begins  a  bloomin'  'owl 

'Bout  the  aqueducks  'en  highways,  the  rail- 
roads and  the  byways 

An'  big  jobs  like  the  Panama  Canal. 

But  as  I've  often  read  it — 

The  bloke  who  gets  the  credit 

Is  not  the  dusty  khaki'd  engineer; 

But  the  guys  wot  'ave  the  shillin's 

Get  in   first  on  all  the  killin's. 

Of  the  lad  who  turned  the  trick  we  never 
'ear. 

So  I  think  when   I  am  ridin'  down  to  Dover, 

or  a  glidin' 
In  a  taxi  'cross  the  bridge  in  Lunnon  town. 
Of  the  lads  who  built  the  town,  sir,  and  the 

sewers  under  groun',   sir. 
The  sea  wall  and  Suez  and  did  'em  brown. 
P>tU   they  never  sings  'is  praise,   sir 
In   the  papers  nowadays,  sir; 
'K  never  gets  the  credit  that's  'is  due. 
Hit  the  fellers  with  the  money 
Wouldn't  get  the  praise  and  honey 
If    the    engineers    wern't    there    to    pull    'em 

through.  — Engineering  News. 
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THE  SLOW  ADVANCE  OF  TLNNEL  RECORDS 

The  planning  of  new  railroad  tunnels  goes 
on  continually,  both  for  the  straightening,  re- 
grading  and  general  improvement  of  existing 
trunk  lines  and  in  the  building  of  lines  entirely 
new.  Even  in  Europe,  whose  transportation 
lines  we  are  apt  to  think  of  as  more  or  less 
completely  finished,  they  being  more  carefully 
planned  to  begin  with,  we  still  record  at  fre- 
quent intervals  the  planning,  the  beginning  of 
construction,  the  holing-through  or  the  com- 
pleting and  opening  to  traffic  of  new  tunnels 
one  after  another,  and  in  America  the  same 
story  is  told  more  frequently,  continuing  with- 
out end. 

In  our  present  issue  we  give  a  brief  ac- 
count of  the  making  of  a  new  American  speed 
record  in  tunnel  driving.  Although  such  rec- 
ords are  not  fairly  comparable,  since  so  many 
conditions  vary,  both  as  to  the  actual 
work  to  be  done,  the  nature  of  the  rock,  etc., 
and  also  as  to  the  men,  means  and  methods 
employed,  still,  after  all  allowances  are  made, 
it  is  not  altogether  satisfying  to  note  a  differ- 
ence of  20  per  cent,  or  more  between  the  Eu- 
ropean and  the  American  results. 

The  American  method  of  driving  by  a  top 
heading,  at  least  for  long  tunnels,  and  when, 
as  is  generally  the  case,  speed  is  the  most' 
imperative  demand,  seems  to  have  been  more 
or  less  discredited,  and  other  methods  are  be- 
ing adopted.  In  a  2>4  mile  tunnel  of  recent 
date,  through  the  Cascade  Mountains  near  Se- 
attle, the  European  bottom  heading  plan  was 
followed,  while  at  the  Rogers  Pass  5  mile 
tunnel  we  have  the  novelty  of  a  pioneer 
parallel  independent  tunnel,  which  not  only 
pays  for  itself  but  saves  more  than  that  in  the 
actual  cost  of  the  main  tunnel. 

Both  of  these  methods  give  the  one  great  ad- 
vantage of  allowing  the  work  of  cutting  the 
bulk  of  the  rock  in  the  main  tunnel  to  be  car- 
ried on  at  several  faces  at  once,  thus  dividing 
up  this  heavier  work,  and  enabling  it  always  to 
more  than  keep  pace  with  the  advance  of  the 
first  heading,  the  speed  record  for  the  entire 
job  depending  upon  the  latter  as  the  pace- 
maker. 

We  may  say  that  undoubtedly  the  general 
tunnel  driving  speed  has  increased,  and  we 
may  be  confident  that  it  will  continue  to  do 
so,  but  our  progress  in  this  particular  is  not 
what  should  have  been  expected  from  the  great 
and  rapid  advances  in  working  speeds  in  lines 
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with  which  the  tunnel  work  is  closely  asso- 
ciated. 

For  all  outdoor  work  in  rock  breaking  and 
rock  handling,  with  the  powerful  explosives 
now  employed,  the  heavy  steam-  or  air-actu- 
ated shovels,  drag  lines,  overhead  conveyors, 
high  capacity  dump  cars,  unloading  plows  and 
similar  devices,  speeds  have  doubled  and 
doubled  again,  but  the  drill  in  the  heading 
shows  no  such  great  jumps  in  achievement. 
The  substitution  of  the  light,  quick  handled 
one  man  drill  has  done  much,  but  much  more 
is  required  to  keep  up  this  end  of  the  work, 
and  here  we  must  be  on  the  alert  to  seize  what- 
ever chances  may  develope. 

There  are  tunnels  innumerable,  some  defi- 
nitely planned,  some  only  thought  of,  and 
some  out  of  sight  beyond  that,  which  only 
await  quicker  and  cheaper  methods  of  tun- 
nel construction.  Tunnels  of  great  length,  the 
last  objection  to  w-hich  has  been  removed  by 
the  advent  of  electric  traction,  offer  the  solu- 
tion to  many  of  the  urgent  problems  of  the 
many  mountain  di\isions  when  the  costs  of 
construction  and  the  time  required  cease  to 
be  prohibitive. 


THE    BUREAU  OF    MINES  ON    MINE  EXPLO- 
SIONS 

In  his  annual  report  to  the  Secretary  of  the 
Interior,  Director  Joseph  A.  Holmes,  of  the 
United  States  Bureau  of  Mines,  states  that 
excellent  progress  has  been  made  during  the 
past  fiscal  year  in  the  investigations  of  the 
explosibility  of  coal  dust,  at  the  experimental 
mine  near   Bruceton,   Pa. 

Probably  the  most  important  feature  of  the 
year's  work  was  the  development  of  four  types 
of  explosion-stopping  devices  in  which  rock 
dust  is  used,  as  follows :  Box  barriers,  con- 
centrated barriers,  ^cntilating-door  barriers, 
and  ventilation-stopping  barriers.  The  bar- 
riers were  tested  in  strong  and  in  weak  ex- 
plosions and  were  effective  in  preventing  propa- 
gation of  flame  beyond  them.  Demonstrations 
before  mining  men  led  to  inquiries  from  a 
number  of  companies,  with  a  view  to  the  erec- 
tion of  the  devices  in  mines. 

The  results  of  the  tests  at  the  experimental 
mine  have  shown  the  value  of  watering  and 
of  steam  humidifying  systems,  and  the  pecu- 
liar merits  of  rock  du«t.  both  when  distributed 
throughout  the  mine  and  when  used  as  bar- 
riers f r  r  limiting  explosions. 


l'\nir  great  explosions  occurred  during  the 
year,  as  follows :  One  in  the  Stag  Canyon 
mine,  at  Dawson,  N.  Mex.,  October  22,  1913, 
resulting  in  the  death  of  263  men ;  one  at 
Acton,  Ala.,  November  18,  1913,  in  which  24 
men  were  killed ;  one  at  the  Vulcan  mine.  New 
Castle,  Colo.,  December  16,  1913,  in  which  37 
men  were  killed ;  and  one  at  Eccles,  W.  Va., 
April  28,  1914,  in  which  181  lives  were  lost. 
The  general  ventilation  in  most  of  the  mines 
involved  in  explosions  was  good,  but  the  de- 
fect in  certain  mines  was  in  permitting  the 
local  accumulation  of  gas  through  not  brat- 
ticing  up  to  the  face  of  gaseous  entries  or 
working  places.  One  of  the  great  disasters 
was  probably  caused  by  the  use  of  dynamite 
for  blasting,  and  by  disobedience  in  firing  a 
shot  or  shots  when  miners  were  in  the  mine, 
in  spite  of  the  fact  that  an  outside  shot-firing 
system    had    been    installed. 

Other  lesser  disasters  occurred  during  tht 
year.  Many  shot  firers  lost  their  lives  in  the 
Pittsburg,  Kans.,  district,  and  in  Oklahoma, 
Indiana  and  Iowa.  Although  the  system  of 
employing  shot  firers  to  fire  the  shots  when  all 
others  are  out  of  the  mine  lessens  the  number 
of  deaths,  yet  in  many  districts  the  methods 
of  shot  firing  employed  are  still  so  extremely 
hazardous  that  only  the  most  reckless  men  are 
willing  to   act   as   shot  firers. 

Director  Holmes  strongly  urges  the  pur- 
chase by  the  Government  of  the  grounds  on 
which  the  experimental  mine  is  situated.  He 
declares  that  the  Bureau  of  Mines  should  own 
these  grounds,  now  merely  leased,  in  order 
to  safeguard  the  large  expenditure  already 
made  in  developing  the  mine  thereon  and 
equipping  it   with   expensive   appliances. 

Looking  to  the  future,  the  Director  observes 
that,  despite  the  progress  made  in  ascertain- 
ing the  nature  of  mine  explosions  and  in 
devising  methods  of  prevention,  they  still  con- 
.tinue  to  occur,  and  it  is  to  be  feared  that 
complete  prevention  will  be  difficult,  owing  to 
the  inherent  difficulty  of  eliminating  errors  of 
observation,  jud;jment,  or  understanding  from 
among  miners  or  mine  officials.  Thus,  one  of 
the  shocking  disasters  of  the  past  year  was 
brought  about  because  of  one  man's  willing- 
ness to  risk  the  sacrifice  of  not  only  his  own 
life  but  the  lives  of  many  others  in  order  to 
gain  a  few  tons  of  coal.  It  is  difficult  to 
meet  such  a  case,  and  yet  with  the  progress 
that    is    being    made    in    the    methods    of    pre- 
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venting  or  limiting  explosions,  it  is  certain 
that  hereafter  in  a  well-protected  mine  prop- 
erly cared  for  there  will  be  much  less  danger 
of    a    widespread    explosion. 


THE   IMPORTANCE  OF  CORRECT   METHODS 
IN  PRIMING  DYNAMITE 

A  great  many  blasters  think  that  the  prim- 
ing of  a  dynamite  cartridge  is  of  very  little  im- 
portance— if  the  dynamite  goes  oflF,  that  is  all 
there  is  to  it.  It  is  not  widely  known  that 
the  success  or  failure  of  a  good  many  blasts 
depends  on  the  position  of  the  detonator — 
blasting  cap  or  electric  blasting  cap — in  the 
dynamite.  Not  only  the  amount  of  work  done 
depends  in  a  large  measure  on  the  priming  but 
also  the  safety  of  the  loading  operation  is  af- 
fected in  many  instances  by  the  position  that 
this  detonator  occupies.  Many  accidents  have 
occurred  and  many  men  have  been  killed  in 
loading  holes  with  a  primer  made  so  that  the 
detonator  became  jammed  or  wedged  in  the 
hole  and  exploded  when  the  blaster  endeav- 
ored to  force  it  down. 

The  points  to  be  borne  in  mind  in  making  a 
primer    are   the    following: 

The  detonator,  and  by  detonator  is  meant 
either  a  blasting  cap  or  electric  blasting  cap, 
must  be  in  such  a  position  that  it  cannot  be- 
come jammed  in  the  bore  hole. 

The  detonator  must  be  in  such  a  position 
that  ii  will  not  be  struck  by  the  tamping  stick. 

The  detonator  must  be  fastened  to  the 
cartridge  in  such  a  way  that  when  the  wires 
or  fuse  are  held  in  one  hand  by  the  blaster, 
and  the  cartridge  seated  with  a  tamping  stick 
held  in  the  other  hand,  the  detonator  will  not 
pull  out. 

The  detonator  must  be  entirely  embedded  in 
the  dynamite. 

The  loaded  end  of  the  detonator,  or  the  closed 
end,  or  the  "business  end'  should  point  toward 
the  bulk  of  the  charge,  not  away  from  it.  The 
detonator  should  not  be  secured  by  metal 
wires,  etc. 

With  an  electric  blasting  cap,  the  wires 
should  not  be  fastened  on  with  a  half  hitch, 
for  although  this  practice  is  very  common, 
there  is  always  a  chance  of  a  short  circuit  oc- 
curring, especially  when  high  voltage  power 
currents  are  used  for  firing. 

With  blasting  cap  and  .fuse,  the  fuse  must 
not  come  in  contact  with  the  dynamite  except 


for  about  a  half  inch  next  to  the  cap.  "Lac- 
ing" fuse  through  dynamite  causes  more 
burned  charges  than  anything  else. 

The  maximum  detonating  effect  of  a  blast- 
ing cap  or  electric  blasting  cap  is  out  from 
the  closed  end.  If  you  place  a  dozen  cart- 
ridges of  dynamite,  end  to  end  in  a  straight 
line  on  the  ground  and  fire  a  blasting  cap  in 
the  end  cartridge,  with  the  blasting  cap  point- 
ing towards  all  the  other  cartridges,  the  entire 
line  will  go  off,  but  if  you  put  this  primer  in 
the  middle  of  such  a  line,  some  of  the  cart- 
ridges back  of  the  detonator,  that  is,  those 
away  from  which  the  detonator  is  pointed, 
will  often  fail  to  explode.  If  you  put  the 
primer  cartridge  at  the  end  of  such  a  line, 
pointing  it  away  from  the  line,  that  is,  point- 
ing it  towards  the  open  air,  generally  the 
primer  only  will  explode.  This  does  not  al- 
ways happen  in  a  bore  hole,  because  there  the 
explosive  wave  is  strongly  confined,  but  this 
shows  a  tendency  of  the  dynamite,  which  is  in 
the  opposite  direction  from  the  closed  or  "bus- 
iness end"  of  the  detonator,  to  misfire.  Sev- 
eral years  ago  this  was  demonstrated  to  a 
sceptical  individual  in  a  quarry  shot  where 
there  were  27  holes,  each  hole  containing  from 
19  to  21  cartridges  of  dynamite ;  13  of  the 
holes  having  the  detonator  in  the  next  to  the 
last  cartridge  and  pointing  downwards,  that  is, 
towards  the  bulk  of  the  charge ;  the  rest  of 
the  holes  having  the  detonator  in  the  same 
cartridge,  that  is,  the  next  to  the  last,  but 
reversed,  pointing  upwards.  These  holes  were 
all  thoroughly  tamped  with  sand  and  fired  at 
the  same  time.  While  all  the  d\Tiamite  in 
both  sides  exploded,  where  the  detonator 
pointed  downwards  the  rock  was  broken  and 
cleared  from  the  ledge  below  the  bottom  of 
the  holes ;  where  the  detonator  was  pointed 
upwards,  about  one-third  of  the  distance  from 
the  bottom  of  the  holes  upwards,  the  rock  was 
broken  up  but  left  in  place.  This  showed 
that  when  the  detonator  pointed  downwards, 
the  full  power  of  the  dynamite  was  realized ; 
where  the  detonator  pointed  away  from  the 
bulk  of  the  charge,  the  full  power  was  not 
realized  but  a  great  deal  was  wasted. 

When  a  cartridge  of  40  per  cent,  straight 
dynamite  is  suspended  vertically  in  the  air.  and 
a  blasting  cap  supported  at  right  angles  to  it. 
and  pointing  directly  at  it  is  fired,  the  dyna- 
mite will  explode  at  a  distance  of  24  inches 
from  the  blasting  cap,  but  if  a  cartridge  and 
blasting  cap  are  hung  parallel  with  each  other. 
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that  is,  the  hhisting  cap  pointing  either  straight 
up  or  straight  clown  and  parallel  to  the  dyna- 
mite cartridge,  so  that  it  does  not  shoot  di- 
rectly at  the  cartridge,  the  dynamite  will  not 
explode  until  it  is  brought  to  a  distance  of  15 
inches  or  less.  When  the  blasting  cap  is  hori- 
zontal and  the  cartridge  of  dynamite  hung 
vertically  and  the  cap  supported  at  the  level  of 
the  middle  of  the  dynamite  cartridge  but 
pointed  so  that  it  does  not  point  directly  at 
the  dynamite  but  a  little  to  one  side,  this  dis- 
tance where  an  explosion  occurs  is  lessened 
still  more.  When  the  cap  is  pointed  directly 
away  from  the  dynamite  cartridge,  it  will  not 
explode  the  dynamite  cartridge  every  time 
even  when  within  four  inches  of  it. 

The  ideal  primer  with  an  electric  blasting 
cap  would  be  one  where  the  detonator  lies 
directly  in  the  axis  of  the  cartridge  near  the 
middle,  and  the  wires  secured  to  the  cartridge, 
in  such  a  way  that  they  could  not  possibly  pull 
out,  by  some  strong  non-conducting  material 
like  string.  By  using  a  curved  puncher  it  is 
possible  to  get  an  electric  blasting  cap  almost 
in  this  ideal  position,  where  it  may  be  held 
in  place  .securely  by  taking  a  half  hitch  with  a 
piece  of  string  around  the  wires,  is  then  car- 
ried once  or  twice  around  the  dynamite  cart- 
ridge and  tied  tightly  with  a  square  knot. 

Another  way  of  priming  wnth  an  electric 
blasting  cap  without  using  string  is  to  punch 
a  hole  through  the  cartridge  about  tw-o  inches 
from  the  end  and  lace  the  electric  blasting 
cap  through  this  and  insert  it  in  the  side  of 
the    cartridge. 

With  short  wires,  four  feet  or  less,  the 
ends  may  be  passed  through  this  hole  after  the 
cap  is  inserted  in  the  cartridge,  but  with  two 
long  wM*res  is  apt  to  either  make  the  hole  so 
large  that  it  does  not  make  a  secure  fasten- 
ing, or  it  may  even  cut  the  cartridge  in  two. 

With  blasting  cap  and  fuse,  inserting  the 
blasting  cap  in  the  side  of  the  cartridge  about 
one-third  from  the  top  and  tying  it  tightly 
with  one  or  more  pieces  of  string,  keeps  the 
cap  away  from  the  tamping  stick,  and  if  care- 
fully done  with  a  curverl  i)nncher.  places  the 
cap  almr)st   in  the  axis  of  the  cartridge. 

The  orthodox  method  of  opening  up  the 
paper  at  the  top  of  the  cartridge,  punching  a 
hole  in  the  dynamite,  inserting  the  cap  and 
fuse  into  that,  and  then  tying  the  paper  down 
around  the  fuse,  get'^  the  blasting  cap  in  a 
good  position  but  is  a  difficult  operation  to 
perform    on    account    of    the  .tendency    of    the 


string  to  slip  off  the  paper  and  the  difficulty 
of  getting  the  string  tight  enough  to  prevent 
the  fuse  from  pulling  out.  It  also  is  liable 
to  kink  the  fuse  abruptly  if  the  primer  is 
seated    firmly    with    the    tamping   stick. 

Dynamite  when  strongly  confined  in  a  bore 
hole  burns  very  raipdly  when  it  is  ignited  and 
on  this  account  the  lacing  of  the  fuse  through 
the  dynamite  cartridge  is  a  practice  which  is 
strongly  condemned  by  all  explosive  manufac- 
turers. It  seems  strange  that  very  much  of 
the  dynamite  would  burn  before  the  cap  would 
explode  but  the  fact  is,  dynamite  burns  very 
much  more  rapidly  when  confined  than  when 
in  the  open,  and  it  has  been  known  to  burn  up 
entirely  in  a  bore  hole  which  contained  a  per- 
fectly good  cap  without  any  of  the  dynamite 
exploding,  the  cap  of  course  exploding  and 
doing  no  work.  Burning  dynamite  makes  a 
large  quantity  of  exceedingly  poisonous  fumes, 
and  a  number  of  fatal  accidents  have  occurred 
from  dynamite  burning  up  in  the  bore  holes 
in  mines  and  tunnels,  due  either  to  lacing  the 
fuse  through  the  cartridges,  or  from  other 
causes,  such  as  matches,  sparks  or  burning 
oil  dropping  into  the  charged  bore  holes. 
These  fumes  from  burning  dynamite  are  so 
frightfully  poisonous  that  no  chance  whatever 
should  be  taken  of  a  charge  catching  fire, 
especially  when  it  so  so  easy  to  prevent  it  by 
taking  the  proper  care  in  preparing  the  primer. 

In  priming  holes  where  it  is  necessary  to 
have  two  primers,  one  should  be  near  the 
top,  pointing  downwards  and  one  in  about  the 
middle  also  pointing  downwards.  Where  three 
primers  are  used,  place  one  at  the  top,  one 
about  one-third  way  down  and  one  about 
two-thirds  way  down  ;  that  is,  equally  distant 
from  each  other  and  from  the  bottom  of  the 
hole. 

The  bane  of  blasters  in  mines  and  tunnels 
is  the  smoke  and  fumes  from  the- explosive, 
and  while  no  explosive  has  yet  been  invented 
which  does  not  give  off  more  or  less  irritating 
fumes,  the  quantity  of  fumes  given  off  can  be 
materially  decreased  by  insuring  complete  de- 
tonation of  the  charge  by  using  the  strongest 
obtainable  blasting  cap  or  electric  blasting  cap, 
by  inserting  the  primer  in  either  the  last  or 
next  to  the  last  cartridge  in  the  hole,  and 
placing  the  detonator  so  that  the  "business 
end"  points  towards  the  bottom  of  the  hole, 
and  by  using  an  adequate  amount  of  good 
tamping  material  on  top  of  the  explosive 
charge.     The    reason    why    it    is    advisable    to 
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place  one  cartridge  on  top  of  the  primer  is 
that  it  serves  to  cushion  tlie  primer  from  the 
tamping  stick  when  used  for  packing  the  tamp- 
ing. 'I'lie  stronger  the  conlinement  and  the 
hirger  the  detonator,  tlie  more  perfect  the  ex- 
plosion will  he,  and  the  less  amount  of  noxious 
fumes   will    he   given   off. — Ditf'oiit   Magazine. 


JACKHAMER    SUPERSEDES    HAND    AUGER 
DRILL 

Charles  11.  Claypool,  superintendent  of  the 
Cavour  Mining  Company,  Virginia,  Minn., 
reports  some  interesting  results  from  the  use 
of  the  Jackhamer  drill  on  the  Mesabi  Range. 

Previous  to  the  introduction  of  the  air  auger, 
the  system  employed  at  the  Cavour  mine  was 
that  generally  used  on  the  Mesabi.  The  min- 
ers drilled  and  blasted  their  own  ground,  put 
in  their  own  timber  with  the  help  of  a  timber 
man,  mucked  up  the  ore  and  trammed  it  to 
the  pockets.  Hand  augers  were  used  in  drill- 
ing, and  two  miners  could  drill  a  round  of  five 
6-ft.  holes  in  about  two  hours,  the  Cavour 
ground  being  somewhat  harder  than  the  usual 
Mesabi  ground.  The  average  speed  was  ibout 
I  ft.  in  8  min.  Blasting  was  done  at  the 
noop  hour  and  at  the  end  of  the  shifts-,  and 
occasionally  during  the  shift.  In  places  where 
the  air  circulation  was  not  good,  considerable 
time  was  lost  in  waiting  for  the  air  to  clear  up. 
When  working  two  shifts,  five  gangs  of  min- 
ers each,  the  production  ran  about  3.75  tons 
per  man  for  every  man  employed,  this  low 
figure  being  due  to  the  small  number  of  pro- 
ducers compared  to  the  number  of  nonproduc- 
ers  employed. 

The  i.  troduction  of  the  air  auger  permitted 
the  system  to  be  changed  so  that  muckers  were 
employed  instead  of  miners.  Under  the  new 
scheme,  all  the  drilling  and  blasting  are  done 
by  two  men  and  the  timber  is  all  handled 
and  put  in  by  regular  timber  men.  The  muck- 
ers simply  shovel  ore  and  tram  it  to  the  pock- 
ets. All  drilling,  blasting,  timbering,  track 
work  and  underground  repairs  of  all  kinds  arc 
done  on  the  night  shift,  so  that  nothing  in- 
terfers  with  the  tramming  and  hoisting,  which 
is   done   only  on   the   day   shift. 

The  advantage  in  this  system  of  working  is 
th^t  there  are  special  men  for  each  kind  of 
work  and  each  man  becomes  an  expert  in  his 
particular  dut}'.  As  a  result,  it  has  been  found 
at  the  Cavour  mine  that  the  powder  cost  has 
been  reduced  over  50  per  cent.,  because  the 
drill    men    become    proficient    in    placing   holes 


and  using  prnvder.  I  he  cost  of  timbering 
has  likewise  been  greatly  decreased.  L'ndcr 
the  new  system,  the  production  per  man  is 
about  5.25,  compared  with  3.75  tons  per  man 
with  the  old  system,  the  total  production  re- 
maining the  same.  The  drilling  speed  has  in- 
creased from  I  ft.  in  8  min.  to  i  ft.  in  i  min. 
I  lie  muckers  tram  an  average  of  26  tons  per 
shift   per  mucker. 

The  item  of  labor  in  drilling  has  been  great- 
ly reduced  by  the  air  machines,  and  while  the 
increase  in  production  per  man  is  probably  due 
largely  to  the  new  system  of  operation,  the 
latter  has  been  made  possible  only  by  tiio 
use    of    the    air    auger. 


A  PORTABLE  GAS  EXPLOSION 

An  accident  with  fatal  results  which  occur- 
red recently  at  Hagerstown,  Md.,  and  which 
was  reported  as  an  acetylene  tank  explosion, 
calls  for  a  somewhat  different  explanation. 
The  occurrence  was  in  a  junk  yard  where  a 
gas  torch  was  being  used  for  cutting  up  old 
material.  There  was  no  acetylene  in  use  at 
the  yard  when  the  explosion  took  place.  They 
were  using  blau  gas  and  this,  being  trans- 
ported in  a  liquified  state,  called  first  of  all  for 
a  supplementary  receptacle  for  the  expansion 
of  the  gas  before  it  could  be  used.  A  blau- 
gas  cylinder  had  been  emptied  and  was  re- 
moved. Then  the  men  of  the  yard  by  mis- 
take, attempted  to  attach  an  oxygen  cylinder. 
As  the  fittings  didn't  match,  they  went  to  the 
extreme  of  wiring  the  cylinder  onto  the  con- 
nection. The  open  valve  in  the  oxygen  tank 
allowed  the  oxygen  to  mix  with  the  blau  gas 
in  the  expansion  chamber.  They  ignited  the 
torch,  which  in  a  moment  blew  itself  out. 
They  again  ignited  the  torch,  and  this  time 
a  flash-back  occurred  into  the  expansion  cham- 
ber and  the  oxygen  and  blau-gas  mixture  ex- 
ploded with  serious  results.  These  statements 
clearly  show  that  the  human  equation  entered, 
into  this  accident  to  the  extent  of  100%  and 
that  no  cylinder  of  compressed  gas  of  any 
kind  exploded. 


NOTES 

The  Miinster  Grenchenberg  Tunnel  near 
Bern.  Switzerland,  was  holed  through  on  Oc- 
tober 27.  1914.  The  tunnel  is  5^-^  miles,  or 
slightly  longer  than  the  Hauenstein  base  tun- 
nel, which  was  holed  through  July  10.  The 
new  tunnel  is  located  north  of  the  Lotschberg 
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tunnel  on  the  main  route  to  Italy  via.  the 
Simplon  tunnel.  Its  construction  has  taken 
3,' ..  years  and  its  cost  is  about  $5,000,000. 


A  single  blast  on  the  shores  of  San  FVancis- 
co  bay  recently  broke  166,250  tons  of  rock  in  a 
suitable  condition  for  removal  by  steam  shov- 
els. There  were  eight  holes  and  each  pound 
of  powder  broke  9.5  tons  of   rock. 


The  longest  railway  tunnel  in  India  is 
that  piercing  the  Khojak  Range  between 
Quetta  and  Chaman,  near  the  northwestern 
frontier,  which  has  a  length  of  12,870  ft.  The 
second  longest  tunnel,  3,900  ft.  is  now  being 
driven  on  a  double-track  cutoff  between  Thana 
and  Diva.  This  pierces  the  Parsik  Hill  and 
reduces  the  distance  11  miles  as  compared  with 
the  present  line,  which  makes  a  detour  around 
the  hill 


From  experience  with  tread  mills  in  British 
prisons,  we  know  accurately  the  mechanical 
equivalent  of  hard  labor.  It  is  a  climb  of 
8,640  ft.  in  24  hr.  If  the  average  weight  of 
a  man  is  150  lb.  he  can  do  approximately  i,- 
200.000  ft.-lb.  of  work  each  24  hr.  A  horse- 
power for  24  hr.  is  approximately  48,000,000 
ft.-lb.  It  would  require  40  men  to  develop  a 
continuous  horsepower,  and  their  wages  would 
would  be  $80  per  day,  or  $28,800  per  year. 


The  use  of  a  fluid  composed  essentially  of 
gl  ie  and  calcium  chloride  in  solution,  for  lay- 
ing coal  dust,  has  been  tested  on  a  commercial 
scale  at  a  Newcastle  colliery  with,  it  is  af- 
firmed, effective  results.  The  liquid  is  placed 
in  a  specially  designed  lOO-gallon  tank,  mount- 
ed on  wheels,  and  is  applied  in  the  form  of  a 
spray,  at  a  cost  (which  does  not  appear  to  be 
prohibitive),  of  about  fifty  cents  a  yard  per 
annum.  One  application  suffices  for  three 
months.  Besides,  successfully  accomplishing 
the  primary  purpose  of  laying  dust,  the  liquid 
acts  also  as  a  preservative  of  timber. 


The  space  available  in  the  lower  portions 
of  five  reinforced-concrete  chimneys  com- 
pleted recently  for  the  Havana  Railway,  Light 
&  Power  Company,  Havana,  Cuba,  has  been 
utilized  for  storage  rooms.  As  all  chimneys 
are  located  inside  the  power  house  to  econo- 
mize on  space  two  storage  rooms  were  pro- 
vided   in    each    chimney.     At    an    elevation    18 


ft.  above  the  top  of  the  foundation  a  floor  was 
placed  and  the  chimney  was  provided  with  a 
doorway.  Another  floor  was  built  giving  36 
ft.  above  the  top  of  the  foundation  another 
.•-lorage    room. 


After  air  enters  a  mine,  the  breathing  of 
men  and  animals,  burning  of  lamps,  decay  of 
mine  timbers,  and  firing  of  shots  take  oxygen 
from  the  air  and  add  carbon  dioxide  to  it, 
but  in  well  ventilated  mines  the  air  depletion 
from  these  causes  is  small.  Much  more  im- 
portant changes  are  those  caused  by  oxygen 
being  taken  from  the  air  by  the  coal ;  and  by 
gases  from  the  coal,  the  roof,  and  the  floor 
being  added  to  the  air. 


The  use  of  moving  pictures  in  the  publicity 
field  of  the  machine  industry  is  not  new,  but 
examples  of  its  extension  are  always  of  in- 
terest, and  one  firm  in  Hull,  England,  making 
oil-mill  and  other  machinery  for  export,  has  a 
"private  picture  palace"  for  showing  its  ma- 
chinery in  operation  under  various  circum- 
stances. An  important  variation  on  this 
scheme  is  to  send  the  films  abroad,  with  or 
without  a  salesman,  for  the  benefit  of  custom- 
'  rs  who  might  never  have  an  opportunity  to 
see  the  actual  operation  of  the  machinery  in 
c:ther  countries. 


LATEST    U.    S.    PATENTS 

Full  specifications  and  drawings  of  any  pat- 
ent may  be  obtained  by  sending  Hve  cents  (not 
stamps)  to  the  Commissioner  of  Patents, 
Washington,  D.  C. 

DECEiVtBER    1. 
1,118,987.       TRAIN-STOPPING       APPARATUS. 

FuEDEHiCK    Wtllock,    Scranton,    Pa. 
1,118,994.     AIR-BRAKE.       Edward    W.     Wool- 
ley,   Jersey    City,    N.    J. 
1,119.007.      METHOD     OF     AND     APPARATUS 
FOR   DRAWING  GLASS.     Robert  L.   Frink, 
Cleveland,    Ol'io. 
1,119,018.       CUSTTIONING     DEVICE     FOR     VE- 
HICLES.      Theodore     A.     Klenke    and     Sio- 
wooD    Olsen,    New    York,     N.     Y. 
1,119,020.        PNEUMATIC      SUSPENSION      DE- 
VICE    FOR     SHAFT-DRIVEN     MOTOR-VE- 
HICLES.     Theodore    A.    Klenke,   New    York, 
N.     Y. 
1,119,047.         ARTIFICIAL       ABDOMEN      FOR 
COMEDIANS    AND    OTHERS.      John    Wood- 
AiiD   Simmons,   Ozark,    Ala. 

1.  A  means  for  the  purpose  described,  com- 
prising a  bag  of  semi-ovate  form  when  Inflated, 
with  one  face  concave,  a  container  for  com- 
pressed fluid,  a  connection  for  coupling  the  con- 
tain, r  til  till'  li:ig  :'or  :ts  inflation,  anil  means  for 
the  deflation  of  the  bag  separate  from  the  means 
for  its  inflation,  said  inflating  and  deflating 
means  being  located  to  permit  their  manipula- 
tion withoiit  exposure  to  vifw. 
1,119.114.  CARPET-CTvEANING  MACHINE. 
Lincoln   L.   Porter,  Oskaloosa,  Iowa. 
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1.119.198.      PNEUMATIC   ROCK-DRILL.     Clakk 

J.    Smith,    Oltiimwa,    Iowa. 
1,119.214.      MILKINCi-MACHINIO.      CHARLES     M. 

Anderson.    Waterloo.    Iowa. 
1.119,224.     PNEUMATIC  JACK.     Johan  Henry 

Behrrns,    Camden,    N.    J. 
1,119.236.      AIR-PRESSURE    INDICATOR    FOR 

PNEUMATIC     TIRES.       Carl     O.     Brenner, 

Descanso,    Cal. 
1,119.242.      RAILWAY-BRAKE 

Edward  Caurau,  Cathlamet. 
1.119.42.^^.      FLUID-PRESSURE 

MONO   GuEiiiN,    Mai.sonneuve, 
1.119.473.      PROCESS    FOR    TREATING    ORES. 

William    A.    Thacher,   Lake   City,    Colo. 

1.     The   process  of   treating  sulfid   ores   which 
consists   in   causing  a  stream  of   compressed  air 
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Wash. 

MOTOR.        Ed 
Quebec,    Canada. 


f)ip<'  and  said  oil   resiervoir  anfl  a  spring  for  re- 
siliently  clo.slng  said  valve,  the  said  .«prlng  being 
of   slight   tension   to   permit   the   opening  of   .said 
valve   from   the  vibration   of  said   tool. 
1.1  19, .^,24.      PNEUMATIC     PORTABLE     RECIP- 

ROCATINC    SAWI.N'fJ- MACHINE.      Georoe   E. 

Morris  and  Oscar  F\  Oliver,  Jersey  City.  N.  J. 
1.119.713.      CENTRirUGAL        AIR-CO.MPRESS- 

OR.      Sanford   a.    Moss.   Lynn,    .Mass. 
1.119,748.      PUMP    FOR    VACUUM-CLEANERS. 

Alvin    O.    Carman,   Tel<onsha,    Mich. 

DECEMBER  8. 

1,119,834.      AIR-PUMP.         Albert      F.      Krause, 

Buffalo,   N.   Y. 
1.119.881.      AUTOMATIC     SAFETY-STOP     FOR 

TRAINS.     John  V.   Rund,  Pesotum.  III. 


Pneumatic  Patents   December   i. 


to  pass  through  a  charge  of  ore  and  acid  in  a 
closed  vessel,  and  causing  a  spray  of  the  charge 
to  be  spread  across  the  surface  of  the  charge 
in  the  path  of  the  acid  fumes  and  gases  rising 
from  the  charge. 
1,119,520.      PROCESS       FOR       PASTURIZING 

LIQUIDS.        Carl      Krug,      Frankfort-on-the- 

Main,    Germany. 

1.  A  process  of  pasteurizing  liquids  in  bot- 
tles in  a  closed  chamber,  consisting  in  heating 
the  chamber  by  supplying  steam  into  the  same, 
in  shutting  off  the  supply  of  steam,  in  supply- 
ing compressed  air  through  and  into  the  top 
of  the  chamber  while  the  liquid  in  the  bottles 
is  being  heated  by  the  steam  in  the  chamber, 
and  in  then  opening  an  outlet  of  the  chambrr, 
whereby  the  compressed  air  is  preheated  while 
the  chamber  is  being  heated  by  the  steam,  sub- 
sequently ejecting  the  hot  mixture  of  steam  and 
air  out  of  the  chamber  and  gradually  cooling  the 
bottles. 
1,119,522.     OILER.     Robert  George  McDowell, 

Walkerville,   Mont. 

1.  In  an  oiler  for  pressure  fluid  operated 
tools  having  a  fluid  supply  pipe,  a  closed  oil 
reservoir  having  an  oil  supply  passage  leading 
to  said  fluid  supply  pipe,  a  hollow  valve  for 
said  passage  having  a  hollow  valve  stem  afford- 
ing   communication    between    said    fluid    supply 


1,119.889.  APPARATUS  FOR  COMPRESS- 
ING AIR.  Stephen  G.  Skinner,  Wilmette, 
III. 

1.  In  an  apparatus  for  compressing  air  which 
is  adapted  to  be  operated  by  the  alternate  suc- 
tion and  compression  created  within  an  internal 
combustion  engine  cylinder,  the  combination 
with  a  cylinder  adapted  to  be  connected  with 
the  engine  cylinder,  a  piston  within  said  cylin- 
der, a  movable  compression  chamber  carried  by 
said  piston,  a  stationary  piston  for  said  mov- 
able compression  chamber,  and  a  valved  pass- 
age whereby  air  admitted  to  said  cylinder  to 
operate  the  movable  piston  therein  is  passed  to 
said  compression  chamber  behind  the  piston 
therein  and  thence  around  said  piston  upon  the 
next  downward  movement  of  said  compression 
chamber. 

1.1 19.899.  TRIPLE-VALVE  DEVICE.  Wal- 
ter V.   Turner.  Edgewood,  Pa. 

1,119.907.      PIANO-PLAYER    M  E.C  H  A  N  I  S  M. 

William   T.    Waite,   Laporte,   Ind. 
1.119.929.      PROCESS     FOR     SECURING     THE 

PRECIPITATION     OF    THE     RARE-METAL 

OXIDS.     RoTAL  S.   Davis.  Newmire.   Colo. 

1.  A  method  of  securing  the  precipitation  of 
the  oxids  of  the  rare  metals,  from  solutions 
containing  tlie  acids,  which  consists  in  applying 
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supcr-atiHospheric    pressure     to     the      acidulated 

and  htatt'd   solutions. 

1,119.960.      PROCESS       FOR       MAKING       INK. 

Robert    Hih-hstetter.    Cincinnati,    Ohio. 

2.  The  pitH'ts.s  of  nianiifactiirinK  inlc,  wiiich 
consists  in  mixing:  a  pulp  color  with  a  varnish 
in  a  suitable  clos«'d  vessel,  at  tlie  same  timf^ 
sul>.it  otine:  tlie  mixture  to  the  action  of  an  air 
exhausting  device  adapted  to  reduce  the  pres- 
sure in  said  vessel,  and  applying  heat  to  said 
vfssel  adapted  to  vaporize  the  water  in  the  mix- 
ture at  the  rrduci'd  pressure. 
1.119.971'.      K.VC.INK.     AIR-PUMP,     Etc.       FniTi:, 

W.    Machlkt,    Elizalx'th.    N.    J. 
l,12<t,<Hl.         l^NEl^MATIC         ANTIVIRRATION 

DEVICE   FOR  AITT0M0BILP:S.   George  Wil- 
liam   Bell.    Liverpool,    England. 
1,120,130.     VACFFM       CLEANING       MACHINE. 

Secoxdo    L.    Casella.   N«'w    York.    N.    Y. 
1.120.20.^.      STARTER        FOR        GAS-ENGINES. 

William    Kelly.    Detroit,    Mich. 


1,120,021.      FLOATING       SUBMARINE       MINE. 

John  Gunnar  Lindmark.  Eskilstuna.  Sweden. 

1.  A  lloating  mine  comprising  in  combina- 
tion, a  regulating  vessel,  a  piessui'e  vesse',  an 
inti  rni'diute  ves.scl.  connections  and  valve 
means  for  leading  air  from  said  i)ressure  vessel 
to  said  regulating  vessel  tlirough  said  inter- 
mediate vessel,  and  automatic  hydrostatic 
means  for  controlling  the  action  of  said  valve 
means,  said  valve  means  and  said  automatic 
means  being  so  arranged  as  to  connect  said 
pressure  vessel  with  said  intermediate  vessel 
when  the  mine  is  above  a  ci>rtain  depth  and  to 
connect  said  intermediate  vessel  with  said  regu- 
lation vessel  when  the  mine  is  below  a  certain 
depth,  and  being  arranged  also  to  cut  off  said 
intermediate  vessel  from  said  pressure  vessel  at 
the  time  the  intermediate  vessel  is  connected 
to  the  regulating  vessel. 
1,120.63:3.      COMPRESSOR        FOR        AMMONIA 

SYSTEMS.     John  L.  Vidar.  IjOS  Angeles,  Cal. 
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1.  In  an  apparatus  of  the  kind  described, 
thr  c  )'nbinatie*n  of  a  source  of  compressed  air,  a 
multiol"'  cylineUr  gas  engine,  a  distribute-r,  a 
pas.sag"  hading  from  each  of  the  cylinders  of 
said  gas  engine  to  said  distril)ute;r,  a  valve 
ada{)tfd  to  open  and  close  all  of  said  passages, 
a  valve  adapt'-el  to  be  actuated  l>y  the-  opera- 
tor b«'twe(  n  said  sf»urce-  of  cf)mr»Hss«'d  air  anel 
frT. Id  distributer,  and  means  whereby  the  pres- 
sure of  the  compres.sed  air  actuates  the-  first 
nam«^d  valvj-  to  open  all  of  the-  passages  be- 
tween said  distributer  anel  the  cylinde-rs  of  the 
engine  wluri  the  valve  between  the  reservoir  anel 
di  -f  ibut'  r  is  ore  n. 

1.120.27."..      J'NEF.MATIC     DEVICE     FOR     THE 
RUNNING-CEARS      OF      VEHICLES.       Je)!iN 
Caljwell.    New     Vf)rk,    N.     Y. 
1,120.302.      ATR-BR\KE.        Artht'r     J.     Gailin 

and    Arthci'.    \  a>;    ^N'yke.   Char|este)n.    Mass. 
1.120.337.      STARTI.VG  -  MOTOR       AND       COM- 
PRESSOR.      Walteic    M.    Shimpf,    New    York. 
N.     Y. 

l,12".4.-.2.  FLUID  -  PRESSL'RE  -  REI>EASING 
VALVE.  Arthur  O.  ('urrv,  San  Bernardino. 
Cal. 


DECEMBER  15. 
1,120.673.      APPARATUS      FOR      INHALATION 

PURPOSES.      Hugo    Bayer,    Vienna,    Austria- 
Hungary. 
1,1 20. SIS.      DEVICE       FOR       WASHING       AIR. 

Alfred    C.    Johnson,    Winters,    Cal. 
],120.S2S.      FUEL -SUPPLY       SYSTEM       AND 

STARTER       FOR       f]XPLOSIVE  -  ENGINES. 

Benjamin    F.    I.,owry,   Austin,    'i^ex. 

1.  A  fuel  supply  syste-m  inc;luding  an  in- 
ternal ce)mbustie)n  e"ngine>,  a  fuel  inle't  com- 
munie-ating  tiierewitii  anel  an  exhaust  outlet 
leaeling  tlie-re-fretm,  a  storage  tank  ee)mmunicat- 
ing  will)  the'  saiel  e-ngine'  fue'l  inle>t,  a  compressor 
connrnmicating  with  and  aelapte-d  te»  de'live>r  .com- 
pre  sseel  gase-s  te)  saiel  ste)rage  tank,  said  engine 
fxhaust  outie-t  commimicat  ing  with  .saiel  ce)m- 
pre'sse)r,  fuel  anel  air  pipes  (•e)mmunicating  with 
sai  1  cfunpre-ssejr.  a  pre-ssure'  relie-f  valve  com- 
munieatiiig  with  said  e-xhaust  pipe',  and  a  gov- 
eine)r  ce)ntrolling  the  pres.sure  within  said  stor- 
age tank. 
1.120.S33.      FIJ'ID-MOTOR    AND    RETARDING 

DEVICE    TUEREl-'OR.      James    F.    McElroy, 

Albanv,    N.     Y. 
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1.120,986.      FLITTD-PRRSSITRR    BRAKE.      VVai.- 

TKK    V.    TURNKU,    K(1K('W()()(1,    Pa. 
1.121. 218.     .MTTOOKNOTTS     RITRNER.       Ernest 

WiSS,    Gricshcini,    (Icrmanv. 
1.121,297.      ASI'IRA'I'INa    APPARATUS.       FTen- 

RY    J.     SCHMITT.     F*ittsl)UIK'll,     P;i. 
1,121.402.      COMPRESSEi:)-AIR     WATER     ELE- 
VATOR.     lIoRAc^io   I..    RiLKY.  Riohwood.   W.   Va 
1,121.404.     STOPPING    APPARATUS    FOR    MO- 
TOR-CARS.     Hknry   C.    Ruf,    Easton,    Pa. 
1,121,47  4.      LIQUID- FUEL    FURNACE.    Georges 
Eugene    Caniiac,    St-Deni.s,    Franco. 
1.      In   a   furnace   providini   with   a   fuel   burner, 
the    combination    tiierowith    of    mean.s    to    supply 
a     blast     of     air     to     the    jet     issuing     from     the 
burner,    said    means    provided    with    an    opening 
locr.ted    directly    above    the    jet    and    extending 
thiougliout    a    part    of    its    length,    said    opening 


PNEFMATIC        DUST-COLLECTOH 
J.    S.MiTM.    S»-\v    York.    N.    Y. 
COMPRESSOR.    ADDKUiERT   Dudgeon. 
Pa. 

PORTABLE         LIQUID-  SPRAYING 
William    H.    Gilmour,   Liver 


1,122.0:59. 

J  OK  EI' H 
1,122.085. 

Latrobf 
J. 122. 090. 

AF'F'.UJ.XTFS. 

pool,    lOngiatid. 
1.122,10.^..      MOLDING 

Guy.    Watc-rvliet.    N.    Y. 
1,122,142.      APPARATUS    FOR    DRYING 

John   D.   McI.vtyrk,  N«  \v   York.   N.   Y. 


MACHINE.      John    A. 
MILK. 


DECEMBER   29. 

l,122.2r,3.      AIR-BRAKE     SYSTEM.       Harry      D. 

Carroll,    Norristown,    Pa. 
1,122,395.      COMPRESSOR- UNLOADER.        LoR- 

ENZ    IvERSEN.    Wf'St     Homestead,     Pa. 
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substantially    conforming   in    shape    to    the    hori- 
zontal   cross    section    of    the   jet. 
1,121,547.      SHOCK-ABSORBER.         Arthur      A. 

Barber.    Detroit,    Mich. 
13.849.      (REISSUE).        A  P  P  A  R  A  T  U  S    FOR 
MELTING    AND    MIXING    METALS    IN    VA- 
CUO. William  Speirs  Simpson,  London,  Eng- 
land. 

DECEMBER  22. 


1,121.608.  APPARATUS  FOR 
MOLTEN  GLASS.  Orville  A. 
ville,    Ohio. 


FEEDING 
Bridges.  Zanes- 


APPARATUS. 
Mo. 


1,121,710.       TRACK-SANDING 
Albert   H.    Carnes,   St   Louis. 

1,121.810.  PNEUMATIC-STACKER  HOOD. 
August   P.    Determann.   Lyons.   Iowa. 

1,121,845.  APPARATUS  FOR  SUPPLYING 
HUMIDIFIED  AND  SCENTED  AIR.  Fred- 
erick   W.    Kallusch.    Long    Beach.    Cal. 

1,121,956.  GOVERNING  MECHANISM  FOR 
CENTRIFUGAL  COMPRESSORS  OPERAT- 
ING IN  PAR.ALLEL.  Richard  Troger.  Char- 
lottenburg,    Germany. 


1.  The  'combination  of  a  compressor  cylinder, 
a  relief  valve  in  communication  with  the  cylin- 
der intermediate  tlie  cylinder  ends,  automatic 
means  for  operating  the  relief  valve  when  pre- 
determined c.vlinder  dischar.ge  pressure  has  been 
attained,  and  a  piston  witliin  the  olinder  and 
adapted  to  close  the  communication  between  the 
c.vlinder  and  valve  during  a  portion  of  the  piston 
stroke. 

1.122.421.  PNEUMATIC  PROJECTOR  FOR 
CONFETTI  AND  THE  LIKE.  Thomas  G. 
Redington.  Medfield.  and  John  L.  E.  Pell, 
Great   Barrington.    Mass. 

1.122.436.  AUTOMATIC  SLACK  -  ADJUSTER. 
Richard    C.    Swartzwelder,    Edgewood.    Pa. 

1.122.566.  PORTABLE  FIRE-ESCAPE.  Wal- 
ter  F.    Bailey,   Los   Angeles.    Cal. 

2.  In  a  fire  escape,  a  plurality  of  alined  cylin- 
ders forired  with  ports  in  their  ends,  pistons  in 
said  cylinders,  a  crank  shaft  coimected  to  said 
pistons,  a  cable  carrying  reel  geared  to  said 
crank  shaft,  a  portable  frame  supporting  the 
cylinders,  crnnk  shaft  and  reel,  and  a  valve  for 
controlling  the   passage   of  air   to  and   from   the 
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cylinders  through  the  ports,  whereby  the  speed 
of  rotation  of  the  reel  may  be  varied  or  its 
movement  inhibited,  comprising  a  cylinderical 
valve  member  formed  with  a  phirality  of  longi- 
tudinally extending  grooves  of  various  cross- 
sectional  areas  adapted  to  be  moved  in  and  out 
of  register  with  the  ports  on  the  rotation  of 
the   valve. 

1.122.629.  PNEUMATIC  -  DESPATCH  -  TUBE 
APPARATUS.  Albert  W.  Pears  all,  Lowell, 
Ma.ss. 

1.122.630.  FLUID  -  OPERATED  PERCUS- 
SIVE  TOOL.     Caid  H.   Peck,  Waverly,   N.   Y. 

1,122,638.     PRESSURE-CONTROLLED    VALVE. 

Ward  Raymond^  Easton,   Pa. 
1,122.877.     PNEUMATIC     TRANSMISSION. 

Frank   A.   Dowler,   Lawrence,   Kans. 
1,122,886.     VACCUM      MASSAGING      DEVICE. 

Thomas   H.  Ellis,  St.  Louis,  Mo. 


1,123,001.      FLUID-PRESSURS   BRAKE   MECH-' 
ANISM.      Richard    A.    Philbrick,    Fredonia, 
Kans. 
1,123,114.     MEANS     FOR     MOISTENING     THE 
AIR      USED       IN      EXPLOSION  -  ENGINES. 
Charles  E.  Diehl,  Des  Moines,  Iowa. 
1,123,155.     ART   OF   DUST-HANDLING.   Whit- 
ford   W.    Woodley,   Elizabeth    City,    N.    C. 
2.     The  method  of  handling  miscellaneous  ma- 
terials   in    long   blow   pneumatic   systems,    which 
consists  in  creating  in  a  long  blow  pipe  of  small 
cross   sectional   area  an   air  current  of  constant 
volume,    charging   the    pipe   with    relatively   con- 
centrated    masses     of      miscellaneous     material 
wherein    the    particles    of    various    qualities    are 
intermingled,    and    initially    spacing    the    masses 
apart   in   the   pipe   to  afford  spaces  for   the   lag- 
ging  of    retarded    particles   of    each    mass    with- 
out  reducing   the   velocity   of   the   materials-con- 
tent of  the  piping  as  a  whole. 


1.122  395 
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FIG.     2.    TYPICAL     VIEW     OF     COAST    NEAR   GLOUCESTER,    MASS. 


THE  BRASHER  AIR   BREAKWATER 

The  destructive  storms  which  have  recently 
been  playing  fresh  havoc  along  the  coast  of 
New  Jersey,  urge  the  necessity,  and  incite  to 
the  study  of,  the  means  available  for  protec- 
tion. 

In  our  issue  of  April,  1907,  attention  was 
called  to  the  scheme  of  Mr.  Philip  Brasher 
for  robbing  the  waves  of  their  destructive  force 
by  giving  to  the  water  a  certain  elasticity  in 
place  of  its  too  familiar  unyielding  solidity, 
which  is  accomplished  by  distributing  com- 
pressed air  up  through  the  water  from  pipes 
laid  along  the  bottom  at  a  sufficient  depth  and 
parallel  to  the  shore  to  be  protected. 

Fig.  I,  on  the  following  page  tells  the 
story  in  a  way  that  renders  words  unneces- 
sary. The  compressor  can  be  located  wher- 
ever most  convenient,  or  compressors  used  for 


other  purposes  can  be  connected  to  for  emer- 
gent use.  As  the  services  of  such  a  compres- 
sor would  never  be  constantly  required,  al- 
though it  should  be  ready  to  operate  at  short 
notice,  an  oil  engine  drive  would  seem  to  com- 
mend itself. 

It  must  be  conceded  that  this  scheme  has 
never  been  tried  as  extensively  and  completely 
as  it  would  seem  to  deserve,  although  Mr. 
Brasher  has  followed  it  up  until  the  present 
and  has  the  encouragement  of  considerable 
success  even  with  the  crude  arrangements 
which  he  has  hitherto  been  able  to  empIo>. 

We  are  enabled  now  to  give  an  account  of 
various  actual  experiences  in  the  development 
and  application  of  this  device  as  communicated 
to  us  by  Mr.  Brasher.  It  will  be  noted  that 
there  has  been  in  no  case  what  might  be  con- 
sidered a  complete  and  altogether  satisfactory 
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FIG.    I. 

installation  such  as  the  scheme  would  certain- 
ly seem  to  deserve.  For  instance,  no  compres- 
sor has  been  actually  installed  for  this  special 
service,  but  air  has  been  taken  for  experi- 
mental purposes  from  compressors  already  in 
use  for  other  lines  of  employment. 

In  the  same  j-ear  in  which  the  article  re- 
ferred to  appeared  in  our  columns  experiments 
were  conducted  at  the  plant  of  the  Morse  Dry 
Dock  and  Repair  Co.,  New  York  Bay,  for  the 
purpose  of  determining  suitable  sizes  of  pipe, 
diameter  and  arrangement  of  holes  and  the 
actual  air  consumption  under  given  conditions. 

In  the  summer  of  1908  there  was  a  conven- 
tion of  the  Master  Car  Builders'  Association 
at  the  Million  Dollar  Pier,  Atlantic  City,  and 
among  the  exhibits  was  a  compressor  of  the 
Chicago    Pneumatic    Tool    Company,    and    air 


was  taken  from  this.  There  was  over  half  a 
mile  of  pipe,  700  feet  of  which  was  i  in.  pipe, 
by  no  means  all  air  tight,  but  which  delivered 
between  50  and  100  cu.  ft.  of  free  air  per  min- 
ute to  be  discharged  from  the  line  of  pipe  laid 
out  under  the  waves.  Even  this  small  volume 
of  air  had  a  decided  effect  on  the  ground 
swell  running  at  the  time. 

The  next  trial  was  at  Crotch  Island,  Maine, 
taking  air  from  the  compressors  of  the  Benve- 
nue  Granite  Company.  They  had  two  Inger- 
soll-Rand  Compressors,  one  of  5400  and  the 
other  of  2700  cu.  ft.  free  air  per  min.  They 
had  to  go  out  more  than  a  quarter  of  a  mile 
from  shore  to  get  outside  the  reefs,  etc.  In  a 
depth  of  46  ft.,  300  ft.  of  4  in.  pipe  was  laid, 
perforated  with  ^  in.  holes  6  in.  apart,  ex- 
perience having  determined  this  size  and  spac- 
ing to  be  most  satisfactory.  Mr.  Moon,  sup- 
erintendent of  the  quarry  reported  that  on  the 
day  of  the  trial  waves  were  rolling  in  so  high 
that  the  spray  was  flying  over  the  tops  of  the 
trees  along  the  shore.  Fifteen  minutes  after 
the  air  was  turned  on  he  could  paddle  around 
in  a  canoe  in  the  smooth  water  that  the  "air 
break  water"   furnished. 

While  Mr.  John  Arbuckle  was  busy  with  the 
salvage  of  the  "Yankee,"  on  Hen  and  Chick- 
ens reef  in  Buzzard's  Bay,  Mass.,  he  tele- 
graphed to  Mr.  Brasher  to  come  and  .assist  in 


FIG.    3.       AIR    JUST    TURNED    ON, 
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FIG.    4.      SMOOTHING    EFFECT    OF    THE   AIR. 


protecting  her.  Several  different  sections  of 
air  pipe  were  put  out  in  this  case,  only  one  of 
which  is  here  particularly  referred  to.  This 
was  about  100  ft.  long,  with  the  air  holes  as 


before,  about  70  feet  from  the  vessel  amid- 
ships and  parallel  with  the  hull.  There  were 
three  Tngersoll-Rand  compressors  on  the  ship 
and  the  smallest  of  these  was  connected  by  3 


FIG.     5.        AIR     SHUT     OFF     AGAIN 


7526 


COMPRESSED  AIR  MAGAZINE. 


in.  hose  to  the  submerged  pipe  without  passing 
the  air  through  the  receiver. 

On  Dec.  2,  1908,  in  the  morning,  a  heav}-' 
storm  having  come  up  over  night,  the  waves 
were  making  a  clean  breech  over  the  whole 
superstructure  of  the  vessel  and  were  esti- 
mated to  be  from  15  to  20  ft.  high.  It  was 
impossible  to  stay  on  the  weather  side.  The 
air  was  turned  on  and  then  it  was  possible  to 
take  pictures  from  the  weather  side.  The 
compressor  was  making  67  revs,  per  min.,  and 
when  Mr.  Brasher  suggested  to  Mr.  Wother- 
spoon,  who  was  in  charge,  that  the  compressor 
should  be  speeded  up  a  little  the  response  was : 
"What's   the   use?   Its   doing  the   work   now." 

John  Anderson,  a  carpenter  and  handy  man 
on  the  job,  says  in  an  affidavit:  that  "when 
the  air  was  turned  on  the  effect  was  instan- 
taneous. The  waves  which  had  been  breaking 
over  the  vessel  to  a  height  of  12  to  18  feet,  be- 
came long  swells  which  were  quite  harmless." 

At  Brighton  Beach,  Long  Island,  there  was 
a  Blaisdell  compressor  belt  driven  from  a 
Westinghouse  motor.  Pipes  were  laid  here 
which  would  protect  600  feet  of  shore  front 
and  these  were  maintained  two  years.  The 
depth  of  water  was  17  ft.  with  sandy  bottom, 
and  it  was  found  that  after  considerable  per- 
iods of  inaction  the  pipes  would  not  choke  up 
but  would  be  ready  as  soon  as  the  air  was 
turned  on.  It  was  only  necessary  to  have  a 
little  higher  pressure  in  starting. 

Near  Gloucester,  Mass.,  there  was  a  pier  at 
which  it  was  sometimes  difficult  to  land,  and 
here  a  Brasher  breakwater  was  installed.  Fig, 
2  is  a  typical  view  of  the  coast.  The  pho- 
tos following  this  were  snap  shots  from 
the  end  of  the  pier.  Fig.  3  was  taken  imme- 
diately after  the  air  was  turned  on.  In  the 
foreground  is  the  4  in.  pipe  going  down  into 
the  water,  and  the  white  space  on  the  sur- 
face shows  the  extent  of  the  air  distribution. 
Fig.  4  was  taken  after  the  air  had  been  flow- 
ing for  a  minute  or  so  and  Fig.  5  after  the  air 
was  again  shut  off. 

It  has  been  determined  that  the  amount  of 
free  air  required  is  from  3  to  10  cu.  ft.  per 
min.,  depending  upon  local  conditions,  the  pres- 
sure of  course  being  determined  by  the  depth 
of  submergence. 

It  would  seem  that  the  cost  of  an  installa- 
tion sufficient  to  completely  demonstrate  the 
applicability  and  value  of  this  device  should 
not   be  prohibitive.     A   company,   the   Brasher 


Breakwater  Company,  141  Broadway,  N.  Y. 
City,  has  been  organized  in  the  interest  of  the 
invention  and  is  ready  to  submit  propositions 
to  those  who  should  be  greatly  interested. 


LIGHTNING  FIRES  A  MINE    BLAST 

At  one  of  the  mines  on  the  Rand  there  re- 
cently occurred  an  accident  said  to  be  unique 
in  the  history  of  electric  blasting  and  result- 
ing in  the  death  of  four  men  and  the  serious 
injury  of  three  others.  The  men  were  leaving 
the  bottom  of  the  shaft  after  having  connnect- 
ed  up  the  round  of  holes  ready  for  blasting, 
and  the  sinking  bucket  in  which  they  were  be- 
ing hoisted  had  reached  a  spot  a'bout  20  feet 
from  the  bottom  when  the  whole  round  of 
holes  went  off.  The  force  of  the  explosion 
blew  the  bucket  and  its  occupents  on  to  the 
platform  about  50  feet  above  them.  In  the  or- 
dinary way  the  men  would  have  been  hoisted 
to  the  surface,  and,  after  the  usual  precautions 
to  ascertain  that  all  the  men  had  left  the  shaft, 
the  connected  holes  would  have  been  fired  by 
the  switch  on  the  surface.  The  accepted  ex- 
planation of  the  terrible  accident  is  that  a 
fierce  flash  of  lightning  during  a  thunder- 
storm which  was  raging  at  the  time  struck  the 
ropes  of  the  skip  or  the  guide  ropes,  and  that 
these  acted  as  a  conductor  connecting  with  the 
cable  or  the  wires  at  the  bottom  of  the  shaft. 


MOVING  PICTURES  OF  ANTHRACITE  MINING 

A  private  view  of  the  motion  pictures  pre- 
pared by  the  United  States  Bureau  of  Mines, 
showing  anthracite  mining  from  the  face  of 
the  chamber  to  the  train  carrying  the  coal  to 
market,  was  recently  held  at  Wilkes-Barre. 
The  merit  of  these  pictures,  which  are  for  the 
education  of  miners,  is  that  in  them  all  mine 
rules  are  observed  and  everything  is  done  in 
the  proper  way.  All  safety  precautions  arc 
taken  as  to  lights,  handling  explosives,  exam- 
ining chambers,  setting  props  and  pulling  down 
loose  coal.  These  films  will  be  furnished  to 
operators  by  the  Bureau  of  Mines  at  cost,  and 
will  be  used  to  show  to  miners'  institutes  and 
schools,  and  probably  later  to  the  general  pub- 
lic as  an  illustration  of  the  great  expenses  and 
difficulties  incident  to  anthracite  mining.  The 
series  was  prepared  under  the  supervision  of 
Charles  Enzian,  of  the  Bureau  of  Mines,  who 
came  in  for  much  praise  for  his  ingenuity  in 
overcoming  the  many  physical  difficulties  at- 
tendant upon  the  preparation  of  the  pictures. 
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GOVIiRNMEMAL    CONTROL    OF    BUSINESS, 
DOMESTIC   AND    FOREIGN 

l!V     W.     I..     SAUNDKKS.* 

'lluTc  has  hccn  no  govcrnmcMital  control  of 
business  until  recent  years.  Tlic  very  loose- 
ness of  the  situation,  resulting  in  such  absolute 
freedom  of  action,  led  men  to  do  things  in 
business  which  they  would  not  think  of  doing 
in  private  life.  The  interests  of  the  whole 
community  were  sacrificed  for  the  interests  of 
a  few.  Private  monopolies  grew  up  even  in 
the  common  necessities  of  life.  The  abuses 
among  railway,  utility  corporations  and  pri- 
vate enterprises  even,  in  certain  well  defined 
instances,  were  so  flagrant  that  it  became  no 
longer  a  question  among  fair  minded  men  that 
the  hand  of  Government  was  needed  to  re- 
strain the  tendency  to  commercial  distraction. 

It  is  generally  admitted  that  a  public  mo- 
nopoly such  as  a  railway  or  utility  corporation, 
should  in  the  public  interest  be  strongly  held, 
and  when  so  controlled  it  becomes  unneces- 
sary to  advocate  government  ownership.  In- 
dividual and  corporate  business  enterprises 
are,  however,  quite  distinct  from  public  mo- 
nopolies, and  they  should  be  treated  accord- 
ingly. In  a  general  way  we  will  agree  that 
the  less  Government  control  is  put  upon  busi- 
ness the  more  steadily  will  it  flourish,  that 
legislative  influence  tends  to  impede  the  move- 
ment toward  concentration,  and  represents  a 
one-sided  economic  disarmament. 

Government  operation  does  not  leave  ade- 
quate scope  for  that  personal  initiative  which 
is  indispensable  for  general  economic  progress, 
nor  for  the  needful  spirit  of  enterprise  on  the 
part  of  the  managers.  It  tends  to  weaken  in- 
centive of  private  gain,  the  most  powerful 
stimulant  of  all  economic  progress.  It  would 
make  impossible  the  free  and  full  develop- 
ment of  the  enterprise,  efficient,  far-sighted 
personalities  to  whose  untrammeled  initiative 
we  owe  so  much. 

The  mining  industry,  so  characteristic  of 
American  enterprise,  has  been  developed  to  its 
full  measure  of  productivity  through  the  pros- 
pect of  gain.  In  manufacturing  the  progress 
that  has  been  most  marked  in  volume  and  val- 
ue is  seen  in  those  enterprises  where  the  con- 
trol of  patents  has  stimulated  capital  and  indi- 


*Extract  from  an  address  before  the  Na- 
tional Foreign  Trade  Association,  St.  Louis, 
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vidual  action  to  their  highest  accomplishment 
We  have  seen  this  in  the  steel  industry,  which 
j^rew  most  where  advantage  was  taken  of  new 
inventions  to  improve  the  processes  and  ap- 
paratus. We  see  it  in  the  great  harvester  in- 
dustry, the  commercial  development  of  which 
was  distinctively  on  lines  of  invention.  It  is 
true  also  in  sewing  machines,  steam,  gas  and 
oil  engines,  pumps,  mining  machinery,  in  tex- 
tile work,  shoe  manufacture,  etc. 

Why,  then,  should  we  limit  progress  by  Gov- 
ernment regulation  of  any  kind?  We  have 
our  experiences  in  this  line.  In  the  first  place 
Government  started  in  with  a  domestic  policy, 
of  protection  and  patronage  which  practically 
freed  the  American  manufacturer  in  mo'it 
times  from  foreign  competition,  and  while  do- 
ing this  the  welfare  of  the  people  at  large  was 
at  first  safeguarded  by  internal  competition 
which  was  not  interfered  with.  It  was  found 
possible,  however,  to  throttle  this  competition 
by  combinations  and  consolidations  of  inter- 
ests, so  as  to  put  the  public  at  large  at  the 
mercy  of  certain  trusts,  which  threatened  to 
become,  and  in  some  instances  did  reach  the 
position  of  being  private  monopolies. 

Here  we  have  a  reason  for  Governmental 
control  at  home,  and  that  control  is  applied 
under  a  liberal  and  just  reading  of  the  Sher- 
man law,  which  is  now  interpreted  broadly  to 
prohibit  only  such  monopolies  and  practices  as 
are  inimical  to  the  public  welfare.  The  Clay- 
ton bill  now  supplements  this  law,  aiming 
chiefly  at  private  monopoly  and  outlining  gen- 
erally a  code  of  business  ethics  to  the  princi- 
ples of  which  there  can  be  no  more  objection 
among  honest  men  than  to  the  Ten  Command- 
ments. A  Federal  Commission  has  been  estab- 
lished to  aid  business  men  to  quick  action  un- 
der the  law  and  to  prevent  unfair  methods  of 
competition   in  commerce. 

REGULATION     OF     FOREIGN     TRADE 

It  becomes,  therefore,  our  chief  concern  and 
question  as  to  how  far  existing  Government 
regulations  affect  foreign  trade.  The  question 
as  to  whether  or  not  Government  regulation 
should  affect  foreign  trade  is  another  matter. 
Legal  advice  from  those  who  have  studied 
this  subject,  and  who  are  most  competent  to 
interpret  the  situation,  is  to  the  effect  that 
there  is  nothing  in  the  Sherman  Law  which 
prohibits  price  fixing,  pools  and  trade  combi- 
nations of  American  producers  in  selling  goods 
for  delivery  into  foreign  countries.     The  term 
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"foreign  commerce,"  which  is  used  in  the  Sher- 
man Law,  is  evidently  intended  to  apply  to 
importations  and  not  to  exportations,  although 
both  are  involved  in  the  broad  term  "foreign 
commerce."  There  is  a  large  amount  of  busi- 
ness done  in  the  United  States  in  the  sale  of 
products  of  other  countries. 

The  law,  in  caring  for  the  public  welfare  and 
in  preventing  monopolies,  includes  imports  as 
articles  of  domestic  commerce.  Apart  from 
legal  opinions,  it  would  seem  plain  that  the 
Government  of  the  United  States  has  no  right 
or  authority  in  the  matter  of  sales  made  for 
delivery  to  foreign  countries.  It  is  not  within 
its  province  to  regulate  them,  as  the  concern 
and  control  of  any  country  are  limited  to  its 
own  territory.  Two  men  located,  say,  in  Italy 
to  promote  the  sale  of  American  made  tools 
have  a  perfect  right  to  get  together  and  fix 
prices  and  terms,  so  long  as  they  do  not  vio- 
late the  laws  of  the  country  in  which  they  are 
doing  business.  Nor  is  it  even  necessary  for 
competitors  to  be  actually  located  at  the  for- 
eign points  of  delivery,  for  so  long  as  the 
proof  exists  that  delivery  is  made  outside  the 
limits  of  the  United  States  it  seems  plainly 
within  the  province  of  any  one  to  cooperate 
to  the  fullest  extent  in  negotiating  sales. 

Price  fixing  is  not  in  itself  immoral,  nor  is 
a  monopoly  immoral.  They  are  both  wrong 
when  they  are  unfair  or  are  contrary  to  the 
public  welfare  or  when  they  are  construed  as 
unlawful  acts,  and  in  this  case  unlawful  acts 
are  such  only  as  are  unfair  or  contrary  to  the 
public  welfare. 


PLANCTON 

One  of  the  most  brilliant  achievements  of 
modern  biology  is  the  demonstration  of  the 
vast  variety,  bulk,  and  importance  of  the  liv- 
ing creatures,  both  animal  and  vegetable, 
which  swarm  thickly  in  the  clearest  sea-water, 
and  are  known  collectively  by  the  name  of 
plancton.  Since  the  ocean  covers  two-thirds 
of  the  surface  of  the  globe,  and  since  these 
aquatic  forms  of  life  exist  throughout  many 
fathoms  of  depth,  instead  of  merely  in  a  thin 
layer  of  earth  and  air  as  do  terrestrial  crea- 
tures, it  is  obvious  that  they  are  enormously 
superior  in  numbers  and  in  actual  "tonnage." 
But  the  very  tiniest  of  these,  the  low  vegeta- 
ble forms  which  derive  their  nutriment  direct- 
ly from  the  water  and  its  inorganic  constitu- 
ents, themselves  become  the  food  for  slightly 


higher  forms  of  animal  life,  and  these  in  turn 
feed  still  higher  forms,  so  that  the  humbler 
marine  life  is  the  ultimate  provender  of  those 
food-fishes  which  supply  so  large  and  increas- 
ing a  portion  of  the  food  of  mankind.  Mil- 
lions of  the  planctonic  creatures  are  either  mi- 
croscopic in  size  or  so  transparent  as  to  be  in- 
visible ordinarily.  However  .a  pretty  experi- 
ment demonstrates  the  presence  of  some  of 
these  tiny  forms.  It  consists  in  placing  a  glass 
dish  full  of  clear  sea-water  in  a  dark  room  and 
then  allowing  a  beam  of  light  to  fall  upon  it. 
Just  as  such  a  beam  will  show  the  motes  danc- 
ing in  air  it  will  show  thousands  of  shining 
particles  which  are  really  living  beings  dancing 
in   the  water. 


PERFECT  VACUUM  NOT  YET 

But  within  a  one  hundred  and  thirty  mil- 
lionth of  it.  No  perfect  vacuum  can  be  even 
approached  by  any  pump.  After  the  mechan- 
ical piston  pumps  came  the  mercury  pump,  but 
that  took  a  very  long  time.  Then  the  Gaede 
pump,  and  the  Ger3^ck  pump  improved  matters 
somewhat,  but  were  not  satisfying  to  scien- 
tists, and  now  we  have  a  new  device,  ingeni- 
ous, swift  and  reliable. 

Suppose  that  we  have  a  sealed  tube  contain- 
ing air.  If  we  place  this  in  liquid  hydrogen,  the 
air  in  a  few  minutes  becomes  a  solid  in  the 
bottom  of  the  tube.  If  there  were  absolutely 
nothing  but  air  in  the  tube,  and  if  all  the  air 
were  frozen  we  would  have  a  perfect  vacuum ; 
but  air  contains  what  the  chemist  calls  "traces" 
of  several  inert  and  hard-to-freeze  gases,  two 
of  which  are  helium  and  neon.  The  tiny 
amount  of  these  rare  gases  found  in  the  air 
is  of  course  left  in  the  space,  and  so  a  perfect 
vacuum  does  not  appear.  But  helium  has  been 
liquefied  also.  As  liquefied  helium  is  the  cold- 
est thing  obtainable,  it  will  not  freeze  any 
more  of  itself.  To  make  the  vacuum  more 
complete,  however,  it  was  decided  to  put  som<* 
charcoal  into  the  tube.  It  had  long  been 
known  that  hot  charcoal  had  the  power  to  ab- 
sorb or  "occlude"  gases ;  but  little  was  known 
about  its  power  when  as  cold  as  liquid  air.  A 
great  surprise  was  in  store  for  the  first  man 
to  try  it,  however;  for  it  was  found  that  it 
absorbed  a  great  deal  more  when  very  cold 
than  when  warm,  in  some  cases  seven  or  eight 
times  as  much.  So  the  charcoal  placed  in  the 
space  absorbed  a  good  part  of  the  gases  re- 
maining, and  the  wonderful  vacuum  of 
0.000000225  in.  of  mercury  is  obtained. 
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RETURN-PIPH  COMPRESSED  AIR  PRACTICE 

BV    FRANK    RICHARDS 

I  have  before  me  a  letter  from  a  California 
correspondent  who  asks  why  it  is  that  more 
has  not  been  made  of  the  "Cummings"  system 
of  compressed  air  power  transmission.  He 
says  that  from  the  results  which  have  been 
actually  attained  by  the  system  it  could  be  ad- 
vantageously employed  in  many  places,  es- 
pecially as,  besides  the  economy  of  it,  there  is 
no  danger  of  fire  or  explosion,  and  it  can  be 
operated  under  water  if  necessary. 

Notwithstanding  that  the  return-air  or  two- 
pipe  pumping  system,  for  raising  water  by  the 
direct  pressure  of  air,  is  quite  extensively  and 
very   successfully   employed   in   different   parts 


rinj^^e  of  the  pressure  from  the  bottom  to  the 
top  has  all  been  retained,  while  the  compressed 
air  system  here  to  be  spoken  of  retains  and 
uses  only  the  higher,  and  presumably  the  more 
profitable  part,  of  the  pressure. 

.  The  essential  feature  of  the  system  is  the 
constant  maintenance  of  a  high  pressure  upon 
the  air  employed.  Instead  of  all  the  time  com- 
pressing fresh  atmospheric  air  up  to,  say  100 
pounds  gage,  using  it  in  the  motor  at  that 
pre::sure,  with  or  without  expansion,  and  then 
exhausting  the  air  into  the  atmosphere  again, 
a  constant  intake  pressure  of,  say,  100  pounds 
is  maintained  at  the  compressor. 

This  air  is  compressed  to,  say,  200  pounds, 
is  transmitted  to  and  is  used  in  the  motor  at 


FIG.    I.      AIP    BETWEEN    O   AND    100   LB.    GAGE. 


of  the  country,  and  that  this  system  has  been 
fully  described  in  various  publications,  still  I 
find  that  the  essential  principles  of  the  "Cum- 
mings" system  in  its  entirety  are  generally 
not  well  understood  even  where  it  happens  to 
be  known  at  all.  Patented  a  full  generation 
ago,  it  seems  to  have  been  exploited  mostly  in 
California,  and  it  occurs  to  me  that  it  may  be 
quite  worth  while  to  call  the  attention  of  pow- 
er users  to  it  again. 

It  is  a  rather  curious  thing  that  the  new 
departure  which  this  system  represents,  the 
use  of  higher  pressures,  is  quite  in  line  with 
the  improvements  in  steam  engines,  in  gas  en- 
gines, especially  of  the  Diesel  type,  and  in 
electric  practice.  It  may  be  claimed,  however, 
that  the  two-pipe  air  system  "goes  them  one 
better."  In  the  compound  or  the  triple  ex- 
pansion steam  engine  it  seems  to  have  been 
the  last  added  portion  of  the  pressure  which 
has   secured   the   economy,  but    still   the  entire 


that  pressure,  and  then  is  exhausted  and  car- 
ried back  to  the  compressor  at  a  pressure  of 
lOO  pounds  to  be  compressed  and  used  again, 
and  so  on  continuously. 

The  accompanying  diagrams,  Figs,  i,  2,  3  are 
all  drawn  to  the  same  scale  for  eqflitable  com- 
parison, and  they  may  be  studied  together,  al- 
though each  represents  an  operation  entirely- 
distinct  from  and  unrelated  to  the  others;  that 
is  they  are  not  successive  stages  of  one  opera- 
tion. In  each  case  the  same  volume  of  air  fills 
the  C3dinder  at  the  beginning  of  the  compres- 
sion, but  the  actual  weights  or  quantities  of  air 
are  very  different,  only  Fig.  i  beginning  the 
compression  with  "free  air,"  or  air  at  atmo- 
spheric pressure. 

Fig.  I  represents  the  adiabatic  compression 
of  a  given  volume  of  air  from  atmospheric 
pressure,  say  15  pounds  to  the  inch,  absolute, 
to  a  gage  pressure  of  100  pounds,  or  115 
pounds   absolute.     Fig.   2  shows   the  compres- 
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sion  of  an  equal  volume  of  air,  but  air  with 
an  initial  pressure  of  lOO  pounds  gage,  to  a 
delivery  pressure  of  200  pounds,  and  in  Fig. 
3  an  equal  volume  of  air  at  200  pounds  is  com- 
pressed to  300  pounds. 

Tn  each  case  the  initial  volume  of  air 
compressed  is  represented  by  the  area 
of  the  rectangle  ABDC.  When  the  air 
has  been  compressed  to  the  gage  pres- 
sure specified  in  each  case  its  vol- 
ume is  represented  by  the  area  EBDF,  and 
this  will  be  the  volume  assumed  to  be  dis- 
charged into  the  pipes  and  receiver.  As  we 
are  speaking  now  from  the  purely  theoretical 
view-point  nothing  is  said  about  the  clearance 
losses  or  other  allowances  to  be  made  in  prac- 
tice. 

It  is  well  understood  that  the  operation  of 
compression   invariably  increases  the  tempera- 

E  G 


In  compressing  air  from  100  to  200  pounds, 
as  in  Fig.  2,  the  temperature  of  the  air  is  not 
raised  nearly  as  much  as  in  Fig.  i,  and  conse- 
quently the  shrinkage  in  cooling  from  volume 
EBDF  to  volume  GBDH  is  proportionately 
much  less  than  in  Fig.  i.  The  volume  GBDH, 
here  available  for  work  is  more  than  one-half 
the  initial  volume  ABDC,  or  four  times  the 
volume  available  in  Fig.  i.  At  the  same  time 
it  is  to  be  noted  that  the  mean  effective  pres- 
sure in  the  compressor  cylinder  for  the  stroke, 
which  is  the  measure  of  the  actual  work  of 
compression,  is  decidedly  less  than  double  that 
of  Fig.  I.  Getting  fully  four  times  the  availa- 
ble volume  for  less  than  double  the  power  em- 
plo>ed  certainly  looks  like  doubling  the  effi- 
ciency by  halving  the  relative  cost  of  the  com- 
pression. 

In   Fig.   3,  compressing  the  air  from  200  to 
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ture  of  the  air  very  much,  but  this  temperature 
it  is  impossible  to  maintain,  and,  unless  reheat- 
ing is  employed,  the  air  is  never  used  at  the 
high  temperature  at  which  it  is  delivered  by 
the  compressor.  As  the  air  cools  to  normal 
temperature  before  it  is  used,  its  volume  being 
reduced  proportionately,  the  actual  volume 
available  for  use  is  represented  by  the  area 
GBDH,  this  being  in  Fig.  i  only  about  an 
eighth  of  the  initial  volume,  and  not  much 
more  than  one-half  the  volume  EBDF  as  de- 
livered by  the  compressor. 

The  air  delivered  under  cither  compression 
represented  may  be  said  to  have  equal  work- 
ing value,  volume  for  volume,  the  available 
pressure  being  100  pounds  in  either  case,  the 
•air  in  Fig.  i  at  100  pounds  working  against  at- 
mosphere only,  the  air  in  Fig,  2  at  200  pounds, 
working  against  a  back  pressure  in  the  return 
pipe  of  100  pounds,  and  that  in  Fig.  3  at  300 
having  a  back  pressure  of  200  pounds. 


100   .AND   200   LB.    G.\GE. 

300  pounds,  the  heating  of  the  air  is  still  less 
and  the  consequent  shrinkage  by  cooling  also 
is  less.  The  available  volume  delivered, 
GBDF,  is  five  times  the  corresponding  vol- 
ume in  Fig.  I,  while  the  mean  effective  pres- 
sure required  for  the  compression  and  deliv- 
ery of  the  air  is  less  than  two  and  one-tenth  as 
much,  which  seems  to  be  decidedly  more  than 
doubling  the  efficiency. 

It  has  been  assumed  in  each  case  above  that 
the  initial  air  temperature  is  60  degrees  Fahr. 
With  the  same  increase  of  100  pounds  in  pres- 
sure the  final  temperatures  will  be  485  degrees, 
163  degrees  and  121  degrees  the  rise  of  tem- 
perature being,  respectively,  425  degrees,  103 
degrees  and  61  degrees.  The  enormous  rise 
of  temperature  in  compressing  from  atmo- 
spheric pressure  has  led  to  the  general  adop- 
tion of  two-stage  compression,  with  intercool- 
ing  of  the  air,  thereby  gaining  something  in 
economy,  avoiding  the  overheating  of  the  sur- 
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faces  the  burning  of  the  lubricants  and  the 
danger  of  lircs  and  explosions.  With  the  heal- 
ing that  occurs  in  Figs.  2  and  3  there  is  no 
necessity  for  employing  the  two-stage  com- 
pressor, and  little  possibility  of  any  increased 
economy  through  its  employment. 

The  ratio  of  final  and  initial  absolute  pres- 
sures is:  in  Fig.  i,  7.666;  in  Fig.  2,  1.869;  in 
Fig.  3,  1.465.  The  ratio  of  the  volume  after 
cooling  to  60  degrees,  or  the  volume  availa- 
ble for  use,  to  the  initial  volume  is:  In  Fig.  i, 
.1304;  in  Fig.  2,  .535  and  in  Fig.  3,  .6825.  The 
relative  costs  of  compression,  as  measured  by 
the  power  used,  or  the  mean  effective  pressures 
for  the  compression  divided  by  the  volume  af- 
ter cooling,  are:  in  Fig.  i,  4 1.6-!-.  1304=3 19;  in 
Fig.  2,  78.88^.535=147;  .and  in  Fig.  3,  86.83-^ 
.6825=127.  Here  the  ratio  of  the  cost  in  Fig. 
I  is  3 19-:- 147=2. 1 7,  and  of  Fig.  i  to  Fig.  3  it 
is  319-^127=2.51. 

E       C 


no  additional  strength  required  in  any  of  the 
working  parts  of  the  machine,  except  that  the 
air  cylinder  and  air  connections  would  have  to 
be  strong  enough  for  the  maximum  pressure. 
As  the  same  air  is  used  over  and  over  again 
in  the  two-pipe  system,  arrangements  being 
made  for  making  up  leakage  losses,  there  is  no 
appreciable  accumulation  of  moisture  and  no 
possibility  of  freezing  up,  even  if  sufficiently 
low  temperatures  should  occur,  which  they 
do  not.  At  the  same  time  more  or  less  of  the 
lubricant  is  carried  back  and  forth  in  the  air 
and  comes  in  contact  with  the  working  sur- 
faces. As  the  system  is  a  closed  one,  being  en- 
tirely out  of  touch  with  the  surrounding  atmo- 
sphere and  not  affected  by  the  local  pressure, 
it  will  work  at  one  altitude  just  as  well  as  at 
another. 

WHY    THE    SYSTEM    IS    NOT    USED    MORE. 

Xow    as    to   why   the    system    has   not   been 
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FIG.    3.    AIR    BETWEEN 

It  is  understood  that  wherever  this  air  is 
used — that  is  the  air  of  Fig.  2  or  Fig.  3 — 
whether  for  driving  a  rock  drill,  for  a  steam 
pump  or  an  air  motor  of  any  kind,  the  air  in- 
stead of  being  discharged  into  the  atmosphere, 
as  it  would  be  from  Fig.  i,  is  piped  back  to 
the  compressor  with  only  100  pounds  o-f  its 
pressure  used,  then,  volume  for  volume,  the 
air  used  would  be  of  the  same  power  value  in 
either  case  if  not  used  expansively.  As  the 
available  volume  delivered  as  shown  in  Fig.  2 
is  four  times  that  in  Fig.  i,  a  compressor  of 
one-fourth  the  capacity,  or  at  equal  piston 
speeds,  with  a  cylinder  one-half  the  diameter, 
will  be  sufficient  for  the  work.  The  maximum 
unbalanced  pressure  against  the  piston  would 
be  no  greater  in  one  case  than  in  the  other, 
only  it  would  be  continued  for  a  longer  or  a 
shorter  portion  of  the  stroke.    There  would  be 
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more  extensively  employed ;  there  is  the  fact 
to  begin  with  that  even  yet  it  is  not  generally 
as  well  known  and  understood  as  it  should  be. 
Then  evidently  it  would  not  be  likely  to  be 
much  used  for  intermittent  work,  such  as  the 
driving  of  rock  drills,  which  are  continually 
changing  their  location  and  where  the  mainte- 
nance of  the  return  connection  would  cost  in 
time  and  trouble  enough  to  cancel  the  pro- 
spective advantage. 

Apparently  the  best  employment  of  the  sys- 
tem would  be  for  the  driving  of  ordinary 
steam  pumps,  where  constant  pressure  is  us- 
ually required  for  practically  the  entire  stroke. 
The  air  of  Fig.  2,  at  200  pounds  pressure  and 
100  pounds  back  pressure,  or  the  air  at  the 
higher  pressures  of  Fig.  3  do  not  permit  much 
profitable  expansion  in  use.  When  used  for 
rotative  purposes  in  an   engine  or  motor ;   the 
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cut-off,  as  the  compression  diagram  suggests, 
should  never  occur  earlier  than  three-quarter 
stroke,  so  that  the  cut-off  that  ma}-  be  accom- 
plished by  a  good  slide  valve  engine  would  be 
all  that  would  be  available  in  any  case.  In 
this  respect  the  air  as  in  Fig.  i  would  have 
some  advantage,  as  it,  to  secure  the  greatest 
economy  should  be  cut  off  before  half  stroke, 
and  a  certain  saving  would  be  accomplished  by 
the  expansion  which  would  not  be  possible 
where  the  higher  pressures  were  employed. 

There  is  a  necessity  for  the  compressor  sup- 
plying the  air  and  the  engine  or  motor  using 
the  air  to  approximately  keep  pace  with  each 
other,  not  necessarily  stroke  for  stroke,  but  so 
that,  with  the  aid  of  suitable  receiver  capacity, 
the  delivery  and  the  return  air  pressures  shall 
be  maintained  as  constant  as  possible.  This 
implies  that  the  two  working  units  of  the  sys- 
tem should  be  adapted  to  each  other  in  capac- 
ity and  that  an  automatic  pressure  governor 
should  control  the  compressor.  More  exten- 
sive installations  employing  several  units  in  a 
single  system  might  simplify  rather  than  com- 
plicate the  problem. — Poicer. 


WINDY  WINDOW   ADVERTISING 

A  common  wire  waste  basket  was  set  in 
the  window  upside  down  with  an  electric  fan 
under  it  placed  so  as  to  force  a  current  of  air 
up  through  a  wire  mesh  into  the  enclosed 
space  of  the  inverted  basket.  Here  were  put 
a  number  of  dollar  bills,  and  when  the  fan  was 
started  they  danced  for  dear  life  in  the  breeze. 
A  placard  at  one  side  said  "Count  the  Dollar 
Bills  and  Get  One  Free,"  and  the  rest  of  the 
window  was  dressed  with  timely  novelties 
which  were  for  sale  inside.  The  dancing  dol- 
lar bills  speedily  drew  a  crowd,  and  although 
it  was  practically  impossible  to  count  them, 
all  day  long  there  were  willing  aspirants  be- 
fore the  window,  who  incidentally  got  a  very 
good  idea  of  the  location  and  character  of  the 
store. 


AIR    COMPRESSORS  FOR    NEW  YORK  CITY 
TUNNEL  OF  THE  CATSKILL  AQUEDUCT 

On  the  opposite  page  we  reproduce  from  En- 
gineering News  a  list  of  the  air  compressors 
employed  for  the  construction  of  the  tunnels 
of  the  Catskill  .Aqueduct  within  the  limits  of 
the  City  of  New  York.  This  table  appeared 
in  Engineering  News  Jan.  28,  in  the  third  of  a 


valuable  series  of  articles  upon  the  Catskill 
Aqueduct  by  Walter  E.  Spear,  Department  En- 
gineer, 250  W.  54th  St.,  N.  Y. 

While  the  driving  of  the  City  Tunnel  did 
not  present  as  many  difficulties  and  uncertain- 
ties as  the  sinking  of  the  shafts,  the  excavation 
of  the  tunnel,  in  point  of  cost  and  length  of 
time  required,  was  the  largest  item  of  the  en- 
tire undertaking,  and  the  plant  required  to  do 
the  work,  though  in  general  of  standard  de- 
sign, contained  much  that  was  unusual  from 
the  circumstances  of  the  work  in  the  midst  of 
a  large  city.  Realizing  its  responsibility  to  the 
community,  the  Board  of  Water  Supply  made 
every  effort  to  minimize  the  annoyance  which 
must  result  from  the  work  in  the  vicinity  of 
the  tunnel  shafts.  For  example,  it  was  pro- 
vided in  the  contracts  that  electric  power  be 
used  as  far  as  practicable  in  place  of  steam, 
in  order  to  avoid  the  noise  and  dirt  arising 
from  the  operation  of  steam  plants.  Electric 
power  supplied  by  the  New  York  Edison  Co. 
and  its  subsidaries  and  by  the  Edison  Electric 
Illuminating  Co.,  of  Brooklyn,  was  according 
ly  used  to  drive  all  permanent  equipment,  in- 
cluding most  of  the  compressor  plants,  all 
shaft  hoists,  pumps  (except  air-driven  pumps), 
blowers  and  the  motors  on  stone-crushing 
plants  as  well  as  those  of  the  concreting  plants 
later  installed.  Shafts  and  tunnels  were  light- 
ed  by   electricity. 

The  difficulties  and  expense  of  conveying 
compressed  air  through  the  streets  from  one 
shaft  to  another  led  to  the  adoption  of  inde- 
pendent electrically  driven  compressor  plants 
at  each  shaft,  except  in  the  northerly  section, 
Contract  63,  where  conditions  approximating 
those  outside  the  city  exist  and  a  central 
steam-driven  compressor  plant  was  erected, 
and  except  in  a  section  in  Central  Park  where 
it  was  possible  to  supply  three  shafts  of  Con- 
tract 66  from  a  single  electrically  driven  plant 
through  air  mains  laid  in  the  transverse  roads 
and  the  sidewalk  of  Central  Park  West.  The 
size,  type  and  capacity  of  the  compressor 
plants  installed  for  tunnel  excavation  are 
shown  in  the  table.  This  brings  out  the  inter- 
esting conclusion  that,  with  the  losses  of  air 
that  occur  in  the  mains  and  in  the  drills  and 
connections  at  the  headings,  and  with  the  ne- 
cessary use  of  high-pressure  air  for  ventila- 
tion, not  much  less  than  2000  cu.ft.  of  free  air 
per  min.  should  be  provided,  for  tunnels  of 
this  size,   in  order  to  maintain  sufficient  pres- 
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Shaft 
1-5* 


Prime  Mover  Number  and  Type  of  Comprciwors 

2    Keeler   and   4   Heine   water-tube  2  Sullivan  tandom-conipound,     two- 
boilers,  IGOO-hp.  stage,  2500  c.f.p.m.,  Type  WC 

2    Ingcrsoll-Rand    cross-compound, 
two-stagi'.  2500  c.f.p.m,,  Class  OC3 

2  General   Electric,  6600-volt  a.-c.    2  Ingersoll-Rand 
motors 

1  200-hp.  1  1050  c.f.p.m.;  Imperial  Type  10  HD 

1  100-hp.  1    550c.f.p.m.;  Imperial  Type  10  BD 

3  General  Electric,  6600-volt  a.-c.  2  Ingersoli-Uand  and  1  Sullivan 
motors 

1  1150  Ingersoll-Rand  c.f.p.m.;  Im- 

2  200-bp.  pcrial  Type  10  BD 

1    900  Ingersoll-Rand  c.f.p.m.;  Class 
NEl 

1  60-hp.  1  250  Sullivan  c.f.p.m.;  Class  WJ4 

2  General  Electric,  6600-volt  a.-c.    2  Chicago  Tool  Co. 
motors 


Nominal  Ca- 
pacity of 
Plant.  Cu.Ft. 
of  Free  Air 

per  Min. 
CompreH.sed  Number  of  DrilU  of  Given 
to  IfJO  Lb.       Type  Set  Ip  .Simultane- 
ously in  the  TunneU 

8  Sullivan  3;'' 
7  Ingf-rvjU-Rand  3^" 
20  higors.)!I-Rand  3;" 
5  Jap 


10 


11 


1  20O-bp. 
1  100-hp. 
3   General    Electric    6600-volt   a.-c. 

motors 
1  200-hp. 

1  100-hp. 

1  60-hp. 

2  General   Electric   6600-volt   a.-c. 
,  motors 

1  200-hp. 
1  100-hp. 


1  1050  c.f.p.m.;  Type  CBG 

1  550  c.f.p.m;  T>pe  MCB 

2  Chicago  Tool  Co.  and  1  Sullivan 

1    1050  Chicago  Tool  Co.  c.f.p.m.; 

Type  CBG 
1    550   Chicago   Tool   Co.   c.f.p.m.; 

Type  MCB 
1  250  Sullivan  c.f.p.m.;  Type  WJt 


1  Sullivan  1050  c.f.p.m.;  Type  WJ 

1  Ingersoll-Rand  550  c.f.p.m. ;  Imper- 
ial Type  LOBD 

2  Sullivan 


2   General   Electric  6600-volt 

motors 

1  200-hp.  1  1050;  Tj-pe  WJ 

1  100-hp.  1    550;  Type  WJ 

12  3   General   Electric  6600-volt   a.-c.    2  Ingersoll-Rand  and  1  Siillivan 

motors 
1  200-hp.  1  Ingersoll-Rand  1050;  Tjije  XB2 

1  100-hp.  1  250  Ingersoll-Rand;  Type  NEl 

1    50-hp.  1  Sullivan  250;  Tjije  WJ4 

13-14-15*  3  Westmghouse    400-hp.,  6600-volt  3  Sullivan  cross-compound  2100  c.f.- 

a.-c.  motors  p.m. ;  Type  Wn2 


16 

17 
18 
19 

20 

21 

22 

23t 
24t 


1  Crocker-Wheeler  360-hp.,  6600-  1  Ingersoll-Rand,  two-stage,  direct- 
volt  a.-c.  motor  connected;  Type  PE 

1  Crocker-Wheeler  360-hp.  6600-  1  Ingersoll-Rand,  two-stage,  direct- 
volt  a.-o.  motor  connected;  Type  PE 

1  Crocker-Wheeler  360-hp.,  6600-  1  Ingersoll-Rand,  two-stage,  direct- 
volt  a.-c.  motor  connected;  Type  PE 

2  Gener.il  Electric  6600-volt  a.-c.  2  Ingersoll-Rand,  two-stage;  Type  PE 
motors 


1  215-hp. 

1  164-hp. 

2  General   Electric   6600-volt   a.-c. 
motors 

1  215-hp. 

1  164-hp. 

2  General   Electric    6600-volt   a.-c. 
motors 

1  215-hp 

1  164-hp. 

2  General   Electric   6600-volt   a.-c. 
motors 

1  215-hp 
1  164-hp. 
1   General   Electric   6600-volt    a.-c. 

motor  164-hp 
1   General   Electric   6600-volt    a.-c 

motor  164-hp. 


per  Sfj.In. 
10.000 


1  1300  c.f.p.m. 

1  900  c.f.p.m. 

2  Ingersoll-Rand,  two-stage;  Type  PE 

1  1300  c.f.p.m. 

1  900  c.f.p.m. 

2  Ingersoll-Rand,  two-stage;  Tj-pe  PE 

1  1300  c.f.p.m. 

1  900  c.f.p.m. 

2  Ingersoil-Rand,  two-stage;  Type  PE 

1  1300  c.f.p.m. 
1  900  c.f.p.m. 
1  Ingersoll-Rand,  two-stage;  Type  PE 

900  c.f.p.m. 
1  Ingersoll-Rand.  two-stage;  Type  PE 

900  c.f.p.m. 


1.600 


tt  5  Inger.'oll-Rand  3J" 
6  Ingersoll-Rand  3i" 


2,300       **  9  Ingersoll-Rand  31" 


1,600  J  7  Ingersoll-Rand  3}'' 


1,8.50  14  Ingersoll-Rand 

and  31" 


1,600  14  Ingersoll-Rand 


1,600  14  Ingersoll-Rand  3{" 


1.5.50       **10  Ingersoll-Rand  3i" 


1.3-2.100 

14-2.100 

1.5-2,100 

2,100 

12  Sullivan              3!" 
12  Sullivan              35" 
12  Sullivan              31" 
X6  Ingersoll-Rand  3\" 

2.100 

12  Ingersoll-Rand  3|" 

2.100 

12  Ingersoll-Rand  3^' 

2,200 

t  6  Ingersoll-Rand  3i" 
and  31" 

2,200 

12  Ingersoll-Rand  3\" 
and  3|" 

2.200  t  6  Ingersoll-Rand  3\" 

and  31" 


2,200  12  Ingersoll-Rand  3i" 

and  3|" 
900  t  6  Ingersoll-Rand  3i'' 

and  31" 
POO  t  6  Ingersoll-Rand  3i" 

and  31" 


tral  plant  for  these  shafts.    Later  each  compressor  at  plant  for  Shafts  13.  14  and  15  was  piped  separately,   j  One  heading  only 
ly  one  heading  running  full.         tt  Bench  drilled  from  heading  columns.         t  Drilling  m  one  heading  only.  at  this  shaft. 
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sure  to  drill  up  two  headings  simultaneously 
with  piston  drills  of  the  largest  size.  For  the 
independent  plants  at  each  shaft,  the  plan 
adopted  on  Contract  67.  of  two  compressors, 
one  smaller  than  the  other,  appeared  to  be 
preferable  to  a  single  unit,  because  the  smaller 
of  the  two  machines  could  be  run  more  eco- 
nomicallv,   when   onlv   a    small   amount   of   air 


was  required,  and  one  of  the  two  could  al- 
ways be  depended  upon  to  be  in  operation. 
The  amount  of  energy  a  single  shaft  required 
for  all  purposes  during  tunnel  driving 
amounted  to  40  to  50  kw.-hr.  (54  to  67  h.  p.- 
hr.)  per  cu.  yd.,  exclusive  of  trimming,  and 
the  peak  loads  ranged  from  300  to  400  kw. 
(400  to  535  h.  p.) 
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.  THE    BUREAU   OF  MINES  WORKS  FOR 
SAFETY 

The  life  savers  of  the  United  States  Bureau 
of  Mines  have,  according  to  the  statement  of 
Dr.  Joseph  A.  Holmes,  the  director,  rescued 
more  than  one  hundred  entombed  miners  from 
certain  death.  More  than  this,  he  asserts  in 
his  annual  report  that  volunteer  rescuers  in 
the  employ  of  mining  companies  and  trained 
in  rescue  work  by  the  bureau  have  saved  many 
other  men.  As  a  result  of  the  example  set 
by  the  bureau,  rescue  and  first-aid  organiza- 
tions have  been  established  at  many  mines  and 
more  than  1,200  sets  of  rescue  apparatus  have 
been  purchased  by  mine  owners.  These  sta- 
tions are  expected  to  save  the  lives  of  many 
men  in  the  future. 

The  bureau  in  the  furtherance  of  its  work 
now  maintains  six  mine  rescue  stations,  ejght 
mine  rescue  cars,  and  one  rescue  motor  truck, 
located  in  the  mining  districts  of  the  country. 
The  cars  visit  the  various  mining  camps  and 
train  the  men  in  rescue  work  and  also  in  first 
aid  to  the  injured.  This  movement  has  reach- 
ed the  point  that  whenever  there  is  a  mine  dis- 
aster it  is  now  possible  to  obtain  a  sufficient 
number  of  trained  volunteers  to  take  care  of 
the  rescue  in  an  orderly  and  systematic  man- 
ner and  without  the  great  loss  of  life  so  fre- 
quently found  among  the  rescuers  in  the  past. 

The  work  of  the  states  in  carrying  out  their 
part  of  this  program  in  mine  safety  is  being 
carried  forward  in  a  reasonably  satisfactory 
manner.  The  states  are  already  spending  in 
their  inspection  and  police-supervision  work 
more  than  the  Federal  Government  is  spend- 
ing in  all  of  its  investigations  in  behalf  of 
mine  safety.  Thus,  for  example,  a  single  state, 
Pennsylvania,  maintains  a  well-organized  and 
efficient  inspection  force  at  a  cost  of  $213,000 
each  year. 

"Many  of  the  mine  owners  have  begun  a  sys- 
tem of  operations  in  which  safety  is  consid- 
ered of  first  importance.  More  than  170  min- 
ing companies  have  individually,  or  through 
the  association  of  two  or  more  companies,  es- 
tablished seventy-six  mine-rescue  stations  at 
which  there  are  1.200  sets  of  rescue  apparatus 
besides  the  auxiliary  equipment  for  first-aid 
and  fire-fighting  work.  There  are  also  twelve 
mine-rescue  cars  now  operating  by  individual 
companies  about   their  own   properties. 


COMPRESSED  AIR  FOR  SAFETY  IN  TEXTILE 
MILLS 

BY   CHARLES   C.   PHELPS. 

The  greatest  fire  hazard  in  the  textile  mill 
lurks  in  the  staple  in  course  of  manufacture. 
The  next  greatest  hazard  probably  is  found 
in  the  lint  and  dust  which  spread  about  every 
room  where  the  manufacturing  is  conducted. 
This  material  finds  its  way  into  the  most  inac- 
cessible places,  and  if  permitted  to  accumu- 
late, it  furnishes  an  ideal  medium  for  convert- 
ing the  smallest  spark  into  a  disastrous  con- 
tiagration.  Textile  mill  superintendents  are 
aware  of  this  very  imminent  danger  and  natu- 
rally attach  great  importance  to  the  subject  of 
mill   cleanliness,   largely  on  this  account. 

COMPRESSED    AIR    CLEANING, 

The  air  jet  has  proven  to  be  the  most  ef- 
fective means  of  dislodging  lint  from  the  in- 
accessible places  and  thus  minimizing,  if  not 
actually  eliminating,  one  of  the  most  serious 
sources  of  danger.  Aside  from  the  thorough- 
ness of  the  compressed  air  method  of  clean- 
ing, it  as  been  found  by  experience  that  an  act- 
ual economy  can  be  eflfected,  as  the  cleaning 
is  accomplished  more  rapidly,  most  of  the  ma- 
chines do  not  have  to  be  stopped  while  being 
cleaned,  and  there  is  therefore  an  actual  in- 
crease in  production. 

The  air  jet  is  used  for  cleaning  practically 
every  machine  used  in  textile  manufacturing. 
Pulleys,  shafting,  overhead  beams,  pipes  and 
wires  and  ceilings  may  also  be  cleaned  with 
out  the  use  of  ladders,  by  air  supplied  through 
a  nozzle  screwed  into  the  end  of  a  long  hol- 
low tube.  Unless  overhead  cleaning  is  done 
outside  of  regular  working  hours,  the  nearby 
machines  must  be  stopped  and  dusted  after- 
wards to  prevent  the  lint  from  getting  into  the 
work.  Less  stoppage,  however,  is  necessary 
than  when  the  overhead  cleaning  is  done  with 
brooms  and  brushes,  as  the  work  is  accom- 
plished in  much  less  time  and  more  thorough- 
ly. Compressed  air  is  regarded  as  almost  a 
necessity  for  cleaning  electric  motors.  The 
lint  gets  into  the  air  spaces  of  motors,  raising 
the  temperature  and  affecting  the  efficiency, 
hence  frequent  blowing  out  becomes  neces- 
sary. 

Compressed  air  cleaning  was  naturally  first 
tried  out  in  mills  using  air  for  other  purposes, 
as  for  atomizing  water  for  humidification,  as 
in  cuch  places  the  economy  to  be  gained  from 
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using  a  single  piping  system  for  a  double  ser- 
vice is  apparent.  Many  mills  are  today 
equipped  with  compressed  air  for  this  double 
service;  in  addition  there  are  several  equipped 
with  compressed  air  service  for  the  sole  pur- 
pose of  cleaning. 

PNEUMATIC    HOISTS    ECONOMICAL. 

Where  heavy  lifting  has  to  be  repeated  fre 
quently  or  intermittently  there  is  no  device 
that  can  compare  with  tTie  pneumatic  hoist  for 
the  purpose.  There  are  two  general  types,  the 
cylinder  hoist  and  the  pneumatic  motor  hoist. 
These  may  be  mounted  in  a  fixed  position  or 
used  as  portable  hoists'  by  suspending  them 
from  trolleys  running  on  an  overhead  I-beam 
rail.  Both  types  are  clean,  convenient,  fool- 
proof, simple  and  absolutely  without  fire  risk. 
The  fire  risk  of  a  portable  electric  hoist,  is  a 
serious  matter.  There  is  always  a  possibility 
of  the  swinging  feed  wires  fouling  about  some 
obstacle  and  causing  a  short  circuit. 

The   economy   of  pneumatic  .hoisting   is   re- 
markable.    The   cost   of   operation   will  figure 


considerably  under  i-i,ooo  of  a  cent  per  foot 
of  lift  per  hundred  pounds  in  the  majority  of 
cases. 

Pneumatic  cylinder  hoists  are  used  in  tex- 
tile mills  for  such  purposes  as  transferring 
material  from  vat  to  vat  in  dyeing  and  bleach- 
ing, for  raising  and  dumping  trucks  of  bobbins 
upon  the  feeder  aprons  of  conditioning  ma- 
chines and  similar  apparatus,  for  operating 
heavy  doors  and  gates,  for  lifting  heavy  bales 
from  tanks  and  vats,  and  for  a  number  of  sim- 
ilar operations  where  the  lift  is  repeated  over 
a  fixed  height. 

Where  the  height  of  lift  is  variable,  as  in 
lifting  bales  and  placing  them  on  different  lev- 
els in  a  warehouse,  the  air  motor  type  is  pre- 
ferable. It  is  also  more  compact,  requires  very 
little  headroom  and  has  a  much  greater  travel 
than  the  cylinder  type.  For  this  reason,  it  is 
also  suitable  for  handling  building  material, 
for  lifting  machinery  from  floor  to  floor,  for 
handling  ashes  and  other  waste  material,  etc. 

The  pneumatic   drill  is   one  of  the  handiest 
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tools  that  can  be  used  in  a  textile  mill.  Any 
operation  that  can  be  performed  with  a  hand 
or  electric  drill  or  auger  can  be  performed  bet- 
ter and  quicker  with  a  corresponding  pneu- 
matic tool.  The  hand  drill  is  slow  and  is 
very  limited  in  power.  The  electric  drill  is 
fast  enough  but  it  limited  to  a  single  speed 
and  the  wires  leading  to  it  are  a  source  of 
danger.  The  pneumatic  drill  can  be  run  at 
any  speed  desired  up  to  its  rated  limit  and 
there  is  no  risk  of  fire. 

Besides  using  such  tools  in  connection  with 
hanging  shafting,  roughing  out  belt  holes,  cut- 
ting out  holes  in  walls  and  ceilings  for  wires 
and  pipes,  for  setting  machinery,  for  drilling 
in  metal  and  general  repair  work,  the  motors 
of  these  tools  are  often  rigged  up  for  special 
purposes,  as  for  operating  circular  saws  for 
cutting  out  worn  mill  flooring  or  roofing,  for 
operating  heavy  valves,  for  cutting  out  old 
boiler  flues  and  tubes  and  expanding  new  ones 
into  the  headers,  for  cleaning  tubes  in  water 
tube  boilers  and  for  operating  small  machines 
of  various  kinds.  Similar  advantages  are  pos- 
sessed by  other  pneumatic  tools,  .as  chipping 
and  riveting  hammers,  which  are  great  time 
and   labor  savers   for  general  repair  work. 

PNEUMATIC   MOTORS   USEFUL. 

The  motors  of  pneumatic  drills  have  been 
mentioned  as  being  extremely  handy  for  oper- 
ations requiring  small  amounts  of  power.  For 
similar  power  purposes  on  a  larger  scale,  sta- 
tionary pneumatic  motors  are  commonly  em- 
ployed. These  motors  are  particularly  rec- 
ommended for  intermittent  service  in  loca- 
tions where  the  fire  risk  is  high  due  to  the 
proximity  of  inflammable  material  or  to  the 
absence  of  attendance.  Familiar  uses  for  these 
motors  are  for  operating  cranes,  saws,  grind- 
stones, emery  wheels,  filter  presses  and  other 
small  machines  and  short  lines  of  shafting. 
Mounted  on  portable  frames,  they  are  useful 
for  shifting  machinery  and  for  hoisting  build- 
ing material,  machines,  etc. 

The  thorough  practicability  of  compressed 
air  as  a  source  of  power  is  further  demon- 
strated by  the  fact  that  many  industrial  estab- 
lishments are  using  compressed  air  locomo- 
tives exclusively  for  hauling  material  in  bulk. 

COMPRESSED  AIR   AS    AN   AID    IN    FIRE   PROTECTION. 

An  attempt  has  been  made  to  cite  a  few  tex- 
tile mill  uses  for  pneumatic  power  and  to 
show  how  the  fire  hazard  is  actually  reduced 
by  such  applications.  Presses,  pumps,  eleva- 
tors and  a  variety  of  other  apparatus  are  also 
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operated  by  compressed  air  at  times.  The 
same  statements  covering  the  absence  of  fire 
risk  apply  to  all  such  applications. 

The  air  lift  is  a  favorite  method  of  obtain- 
ing an  abundant  and  reliable  supply  of  pure 
water  from  deep  wells.  Due  to  the  absence 
of  working  parts  in  the  well,  there  is  but  lit- 
tle likelihood  of  such  a  system  failing  at  a 
critical  time,  as  in  the  event  of  a  fire.  Other 
systems  of  compressed  air  pumping,  as  the 
pneumatic  displacement  pump  and  the  return 
air  system,  are  also  noted  for  their  reliability, 
and  hence  are  frequently  adopted  for  the 
main  or  reserve  water  supply.  The  best  fire 
extinguisher  system  made  will  be  of  no  use 
should  the  water  supply  fail  hence  the  reliabil- 
ity of  the  water  supply  should  be  the  first 
thought  of  the  factory  superintendent. 

In  unheated  buildings,  such  as  storehouses, 
it  is  necessary  to  employ  some  means  to  pre- 
vent the  automatic  fire  extinguisher  pipes  from 
becoming  frozen  and  inoperative  during  the 
winter  months.  The  common  practice  is  to 
keep  the  pipes  throughout  the  building  filled 
with  air  under  pressure.  This  necessitates  the 
use  of  a  special  valve,  known  as  a  dry-pipe 
valve.  In  a  properly  installed  dry-pipe  system, 
with    perif)dical    inspection,    the    protection    is 
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practically  the  same  as  with  a  regular  sprink- 
ler equipment. 

Pneumatic  whistles  arc  used  for  fire  alarms 
in  many  localities.  By  employing  air-tight  re- 
ceivers with  the  whistles,  the  pressure  is  al- 
ways ready  to  blow  the  whistle.  A  steam 
whistle  for  this  purpose  has  the  disadvantage 
that  the  boiler  operating  it  is  liable  to  be  shut 
down  at  some  time  when  most  needed.  Air 
whistles  are  sometimes  worked  in  connection 
with  electrically  driven  compressors,  so  con- 
nected that  when  the  whistle  starts  to  blow 
the  compressor  automatically  starts  up  and 
maintains  the  required  pressure  in  the  re- 
ceiver. 

As  the  losses  in  transmitting  compressed  air 
over  considerable  distances  are  negligible,  and 
as  one  or  two  large  compressors  are  more  ef- 
ficient and  require  less  attention  than  several 
small  compressors  scattered  about  a  plant,  it 
stands  to  reason  that  a  large  central  air  plant 
is  preferable.  Likewise  when  air  is  used  for 
several  purposes  about  a  mill,  the  cost  per  op- 
eration is  less  than  when  it  is  used  for  a  sin- 
gle purpose.     It   is   for   this   reason,   combined 
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with  the  considerations  of  safety,  that  so  many 
mills  adopt  compressed  air  for  a  number  of 
purposes,  after  trying  it  out  on  a  single  appli- 
cation. 

Sometimes  compressed  air  is  wanted  for 
brief  periods  in  different  places  around  a  mill. 
In  such  circumstances  a  portable  electrically 
driven  compressors  furnishes  a  satisfactory  so- 
lution. Such  a  compressor  can  be  connected 
with  the  nearest  electrical  socket  and  operated 
either  within  or  without  the  building  in  which 
the  air  is  to  be  used. 


A  PORTABLE  AIR   HOIST. 


There  are  many  instances  on  record  of  mine 
fires  and  small  explosions  in  which  at  least 
some  of  the  men  would  have  escaped  in  safety 
if  they  had  taken  the  intake  airway  instead 
of  the  return.  Even  if  the  return  is  not  strong 
with  afterdamp  and  smoke  when  you  enter  it, 
you  may  be  suffocated  by  a  sudden  increase 
of  smoke  or  harmful  gases  before  you  can 
get  out  of  it. 
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ELECTRICITY  IN    COAL  MINES 

In  his  annual  report  submitted  to  the  Secre- 
tary of  the  Interior,  Dr.  Joseph  A.  Holmes 
reviews  the  investigations  made  by  the  Bureau 
of  Mines  to  safeguard  the  miners  from  elec- 
trical accidents.  Director  Holmes  makes  the 
declaration  that  not  only  have  many  men  been 
killed  or  injured  from  what  are  believed  to  be 
unnecessary  electrical  accidents,  but  indirectly 
electrical  apparatus  has  been  responsible  for 
mine  explosions  and  mine  fires  that  have  ex- 
tensively destroyed  both  life  and  property. 

He  further  says  that,  through  the  activity  of 
the  bureau  in  calling  attention  to  dangers  here- 
tofore unappreciated  in  the  use  of  electrical 
machinery,  manufacturers  have  devised  safer 
types  of  apparatus  and  states  have  enacted 
stricter  laws  governing  electrical  installations. 

Much  attention  has  been  paid  to  the  proper 
construction  and  use  of  electric  and  other 
safety  lamps.  Tests  have  been  made  to  ascer- 
tain the  comparative  merits  of  diflFerent  types 
of  safety  lamps,  including  their  usefulness  in 
furnishing  light  to  miners,  their  relative  safe- 
ty, and  their  value  in  indicating  the  presence 
of  explosive  gas.  The  well-defined  principles 
that  govern  the  mechanical  construction  of  a 
modern  safety  lamp  have  been  largely  ex- 
ploited in  this  country  by  European  manufac- 
turers and  covered  by  patents  in  this  country. 
During  the  present  year  some  of  these  patents 
have  expired  and  in  consequence  American 
lamp  manufacturers  and  lamp  agencies  have 
been  inspired  to  develop  new  models.  Already 
an  improved  safety  lamp  of  American  manu- 
facture has  appeared,  and  samples  of  others 
have  been  received  by  the  bureau  for  ex- 
amination and  criticism.  The  bureau  has 
studied  all  types  of  safety  lamps  on  the  mar- 
ket and  as  a  result  has  prepared  a  schedule  of 
official  tests  to  be  used  in  establishing  a  list 
of  permissible  safety  lamps  for  use  in  gase- 
ous mines. 

At  the  beginning  of  the  year  the  bureau's  re- 
quirements for  testing  explosion  proof  motors 
had  been  prepared  and  published.  The  work 
was  necessary  because  no  successful  explo- 
sion-proof motors  had  been  developed  in  the 
United  States.  During  the  year  only  one  mo- 
tor was  submitted  for  test,  hut  this  machine 
passed  the  tests  successfully.  It  is  believed 
that  the  bureau's  approval  will  stimulate  other 
manufacturers  to  renewed  activity  in  produc- 
ing such  motors. 


In  the  investigation  of  the  ignition  of  coal 
dust  by  electric  flashes,  valuable  results  have 
been  obtained.  Coal-dust  ignitions  have  been 
obtained  under  practical  underground  condi- 
tions with  currents  of  surprisingly  low  volt- 
age. The  danger  of  dust  explosions  being 
started  by  such  currents  has  been  shown,  but 
the  work  needs  to  be  continued  to  determine 
the  extent  of  the  danger  and  how  it  may  be 
nullified. 


TESTING  HAMMER  DRILLS  FOR  MINE 
SERVICE-METERING  THE  AIR* 

BENJAMIN    F.    TILLSON. 

The  hammer  drill  rightly  receives  the  cred- 
it for  having  made  the  one  man  drill  possible, 
and  so  many  economies  seem  possible  through 
the  proper  apphcation  of  different  types  of 
hammer  drills  to  various  mining,  quarrying 
and  excavating  operations,  that  an  indication 
of  the  economies  effected  by  the  New  Jersey 
Zinc  Company  at  its  Franklin  mines  may  be 
of  pertinent  interest. 

When  this  company  commenced  its  trial  of 
hammer  drills  in  1907,  those  tools  had  not  been 
developed  to  one-fourth  the  capacity  and  re- 
finement which  they  have  at  present.  At  that 
time  it  was  frequently  asserted  that  such  a 
small  tool,  drilling  holes  of  less  diameter  than 
the  reciprocating  rock  drill,  could  not  drill 
enough  holes  in  a  shift  to  permit  the  placing 
of  sufficient  explosive  to  break  a  tonnage  of 
ore  comparable  with  that  produced  by  the 
"rock  drills,"  that  the  placing  of  small  holes 
inclined  upward,  at  angles  steeper  than  40  de- 
gress above  the  horizontal,  could  not  be  ex- 
pected to  produce  results  equal  to  the  large 
flat,  wet  or  dry,  holes  in  the  breasted  back  of 
an  overhand  stope,  and  would  only  shatter  the 
ground  so  as  to  make  the  back  unsafe.  In 
spite  of  these  adverse  opinions,  however,  the 
hammer  drills  first  showed  their  superiority 
over  both  heavy  and  light  reciprocating  drills 
in  raising  and  stoping,  and  then  in  drifting  and 
quarry  work.  As  a  result,  all  of  the  recipro- 
cating drills  at  the  Franklin  mines  were 
scrapped  three  years  ago,  all  of  the  mining 
work  being  accomplished  with  increased  ef- 
ficiencv. 


"''Introductory  portion  of  a  paper  before  the 
American  Institute  of  Mining  Engineers,  Feb., 
19 '.S- 
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With  the  advent  of  the  hammer  drills  in  this 
property,  it  was  considered  advisable  to  make 
comparative  tests  of  all  the  tools  accessible 
and  it  has  since  been  the  policy  to  investigate 
the  merits  of  any  advance  of  the  drilling  art, 
in  order  to  get  the  maximum  amount  of  work 
from    the    tools.      The    necessity    of    devising 


some  means  of  standardizing  drills  tests,  and 
of  measuring  the  consumption  of  compressed 
air  as  well  as  the  drilling  speed  was  early  real- 
ized. 

The  common  test  was  to  fill  a  measured  air 
receiver  with  compressed  air  at  a  certain  pres- 
sure,   run    the    drill    until    the    pressure    had 
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dropped  to  too  low  a  figure,  then  compute 
from  the  time,  drop  in  pressure  and  capacity 
of  the  receiver,  the  cubic  feet  of  free  air  used. 
This  was  not  considered  a  fair  indication  of 
the  drilling  capacity  of  a  machine,  since  the 
performance  of  some  drills  did  not  vary  di- 
rectly with  the  absolute  pressures  of  the  com- 
pressed air. 

It  was,  therefore,  found  expedient  to  build 
a  water-displacement  air  meter  with  which  the 
drill  test  could  be  carried  on  for  any  length  of 
time  without  serious  variations  in  the  desired 
air  pressure.  This  apparatus,  as  shown  in  the 
cut.  consists  of  two  tanks,  half-filled  with 
water,  and  made  of  i2-in.  pipe  with  blank 
flanges,  gauge  glasses  being  mounted  on  one, 
a  four-way  cock  connecting  the  compressed- 
air  supply  pipe  with  both  tanks  and  the  air 
line  going  to  the  drill.  This  device  gives  more 
accurate  results  than  the  common  types  of 
water  or  gas  meters ;  and  since  any  errors  are 
due  to  the  human  element  of  reading  the 
gauge  glasses  and  reversing  the  four-way  cock, 
they  tend  to  be  compensating  throughout  a 
number  of  tests. 

The  procedure  is  as  follows :  Air  is  drawn 
by  the  drill  from  the  receiver  C,  which  tends 
to  trap  any  moisture  carried  over  by  the  air 
from  tanks  A  and  B  and  assures  a  constant 
pressure  while  the  four-way  cock  is  reversed. 
In  the  arrangement  as  shown,  the  receiver  draws 
its  supply  of  air  from  the  tank  B  and  the  water 
rises  in  this  tank  by  virtue  of  the  pressure  of 
the  air  admitted  from  the  air  main  through 
the  four-way  cock  to  the  top  of  tank  A,  where 
the  water  is  being  forced  downward  and 
through  the  2-in.  connecting  pipe  to  tank  B. 
When  the  water  has  risen  to  a  certain  point 
near  the  top  of  the  gauge  glass  in  tank  B, 
the  four-way  cock  is  reversed  and  the  inlet 
air  is  supplied  to  the  top  of  tank  B:  the  dril- 
ling air  is  then  taken  from  the  top  of  A  the  re- 
versal of  the  cock  again  being  made  when  the 
water  in  tank  B  has  fallen  to  a  point  near  the 
bottom  of  the  gauge  glass. 

A  pet  cock  is  placed  on  the  top  of  tank  C 
so  as  to  permit  the  bleeding  of  air  to  bring 
the  water  column'^  to  the  desired  point  for 
starting  a  run.  and  another  pet  cock  is  at- 
tached to  the  bottom  of  the  same  tank  in  order 
to  permit  the  drainage  of  water.  For  con- 
venience in  measuring  and  computing,  a  run 
is  made  on  the  supply  of  compressed  air  indi- 


cated by  a  certain  number  of  reciprocations  of 
the  water  columns  between  fixed  points  on  the 
gauge  glasses ;  the  pressures  are  measured  on 
the  air  gauge  mounted  on  tank  C,  the  length 
of  time  is  taken  by  a  stop  watch,  and  the  con- 
sumption of  free  air  per  minute  is  computed. 
Unless  a  pressure  regulator  is  installed  be- 
tween the  four-way  cock  and  the  receiver  C, 
or  else  a  globe  valve  at  this  point  is  operated 
manually  to  throttle  the  air  so  as  to  maintain 
a  constant  pressure,  it  is  evident  that  the  air 
pressure  at  the  drill  will  vary  in  accordance 
with  the  water  column  supported  by  the  inlet 
air  pressure,  but  since  the  gauge-glass  marks 
are  in  this  instance  set  34^  in.  apart,  the 
maximum  variation  in  pressures  is  about  iJ4 
lb.  per  square  inch ;  it  is  difficult  to  find  a 
pressure  regulator  which  will  control  a  pres- 
sure of  90  or  100  lb.  per  square  inch  to  a  clos- 
er degree  of  accuracy,  and  the  sensitiveness  of 
the  drills  to  air  pressure  and  the  accuracy  of 
time  and  distance  measurements  rarely  ex- 
ceeds this  error. 


Pneumcr-fic  Mixer J\ 


FIG.     I.       CONCRETE    MIXING    PLANT. 

A  LARGE   C0MPRESSED=A1R-C0NCRETE 
CONSTRUCTION 

In  the  construction  jf  a  new  reservoir  for 
the  Montreal  Water  &  Power  Co.  on  Mount 
Royal,  Montreal,  Que.,  the  concrete  for  the 
walls  and  for  a  dam  at  one  end  was  mixed 
and  placed  by  compressed  air.  This  process 
is  on  the  MacMichael  system,  and  the  mixer 
was  furnished  by  the  Pneumatic  Concrete 
Mixing  and  Placing  Co.  for  the  contractors, 
Laurin  &  Leitch.  F.  H.  Pitcher,  General  Man- 
ager and  Chief  Engineer  of  the  Water  Com- 
pany, is  in  charge  of  the  work. 

The  mixer  had  a  capacity  of  3^  cu.  yd.  of 
mixed  concrete  per  batch.  The  air  was  sup- 
plied from  a  steam-driven  compressor  located 
about  1,100  ft.  from  the  mixer,  in  the  central 
power   plant,    the   air   being   led   to   the   mixer 
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FIG.    2.       PIPE    TO    TOP    OF    FORMS. 

through    a   6-in.    line,    with    a    storage   tank   at 
each  end  of  the  line. 

Fig.  I  is  an  approximate  section  through  the 
concrete  plant,  and  shows  the  arrangement  of 
tracks,  cement  shed,  stone-  and  sand-storage 
bins,  measuring  hopper,  water  tank  and  pneu- 
matic mixer.  Cement  was  unloaded  from  elec- 
tric cars  on  the  main  track,  and  the  sacks  were 


thrown  from  the  cars  into  inclined  covered 
chutes  which  led  to  the  cement  shed.  For  the 
unloading  of  sand  and  stone  a  standard-gage 
spur  from  the  main  line  was  laid  on  a  short 
trestle  running  past  the  bins.  Stone  was 
dumped  directly  into  the  200-yd.  bin  over  the 
mixer  from  6-yd.  side-dump  cars.  Sand  was 
delivered  in  box-cars  and  shoveled  into  a  large 
auxiliary  bin  at  one  side  of  the  mixer,  the  90- 
yd.  sand  bin  over  the  mixer  being  fed  from 
the  auxiliary  bin  with  a  bucket  conveyor. 

In  the  bottom  of  the  storage  bins  were  slid- 
ing gates,  operated  by  hand  levers,  through 
which  the  materials  were  delivered  into  the 
two  compartments  of  the  measuring  hopper 
immediately  over  the  mixer.  The  cement  was 
fed  from  the  cement-storage  shed  by  a  gravity 
chute  opening  into  the  stone  compartment  of 
the  hopper.  On  opening  a  gate,  the  contents 
of  the  measuring  hopper  would  slide  into  the 
mixer  and  at  the  same  time  a  measured 
amount  of  water  was  directed  against  the 
stream  of  falling  materials,  all  falling  into  the 
mixer  chamber  together. 

The  concreting  pipe  ran  from  the  mixer  to 
the  wall  forms,  where  the  pipe  had  a  vertical 
rise  of  about  ^^y  ft.,  and  continued  along  the 
top  of  the  forms  around  curves  to  the  end. 
This  pipe  is  85^  in.  outside  diameter,  made  of- 
steel,  lap-welded,  and  weighs  about  17  lb.  per 


FIG.    3.      CONCRETE  DEPOSIT  CHUTE. 


'542 


COMPRESSED  AIR  MAGAZINE. 


FiG.    4.       CORNER    OF    WALL. 

ft.  Slip  flanges  of  special  design  make  con- 
nection and  disconnection  an  easy  matter.  At 
any  joint  an  elbow  could  be  bolted  on  and  the 
concrete  directed  into  the  forms  from  that 
point,  allowing  the  stream  to  shoot  directly  to 
the  form  or  employing  a  "boot-leg"  to  spread 
the  concrete  in  wide  forms.  The  pipe  was  well 
tied  to  the  forms  at  bends,  on  accomit  of  the 
force  of  impact  of  the  batches  which,  travel- 
ing at  great  speed,  tend  to  throw  the  pipe  out 
of  line. 

On  the  dam  a  derrick,  which  handled  the 
"plums"  used  in  the  wall,  shifted  the  riser  pipe 
from  section  to  section  as  they  were  poured, 
the  main  pipe  being  laid  on  the  ground  at  the 
foot  of  the  form.  Each  section  was  poured 
in  three  lifts,  the  conveyor  pipe  rising  15,  30 
or  zi  ft.  for  the  lifts. 

The  greatest  distance  the  charges  were  con- 
veyed was  600  ft.  This  includes  a  37-ft.  rise 
from  the  ground  to  the  top  of  the  forms  at 
about  100  ft.  from  the  mixer,  and  curves  be- 
tween the  mixer  and  discharge  elbow  aggre- 
gating 400  degrees.  The  operation  at  this  dis- 
tance was  slower  than  at  a  shorter  distance  on 
account  of  the  greater  volume  of  air  required 
to  discharge,  a  pause  for  the  air  pressure  to 
rise  being  necessary  between  shots. 

Progress  on  the  wall  was  necessarily  slow, 
due  to  the  fact  that  it  was  poured  in  alternate 
sections,  averaging  about  30  cu.  yd.  each, 
which  necessitated  many  form  and  pipe 
changes.     The   average   rate  on  the  wall   was 


100  yd.  per  shift,  which  usually  filled  all  avail- 
able forms.  On  the  dam  progress  was  much 
faster  because  of  larger  sections,  the  average 
rate  being  250  yd.  per  day.  High  rates  of 
pouring  were  attained,  but  could  not  be  main- 
tained long  owing  to  lack  of  material,  neces- 
sity for  changing  pipe,  or  the  fact  that  too 
much  liquid  concrete  could  not  be  poured  into 
:i  form  at  once.  On  most  days  the  rate  of 
pouring  varied  from  30  to  50  yd.  per  hr. 

During  the  time  this  work  was  carried  on 
there  were  days  when  the  temperature  was 
down  to  zero,  but  no  difficulty  was  experienced 
on  this  account.  The  water  and  sand  were 
heated  and  the  operator's  platform  inclosed. 
As  only  a  few  seconds  were  required  for  tran- 
sit, the  concrete  went  into  the  forms  hot,  and 
in  the  large  masses  with  heavy  forms  there 
was  no  chance  of  freezing. — Engineering  News. 


TESTS  OF  AQAS=ENQINE=DR1VEN  AIR 
COMPRESSOR 

We  reproduce  here,  mostly  as  a  matter  of 
record,  an  abstract,  from  the  Journal  of  the 
American  Society  of  Mechanical  Engineers,  of 
a  report  of  the  Boiler  Inspection  Society  of 
the  Mining  District  of  Dortmund,  Germany. 
It  relates  to  a  compressor  installation  at  the 
Consolidation  Mine  in  Germany. 

While  gas  engines  have  been  used  widely  to 
drive  electric  generators,  their  use  for  air  com- 
pressor operation  in  Germany  appears  to  have 
been  very  small  and  only  in  installations  of  an 
experimental  nature.  The  present  installation, 
therefore,  represents  a  very  bold  advance  in- 
volving a  compressor  handling  per  hour  15,000 
cbm.  (say  530,000  cu.  ft.)  from  atmospheric 
pressure  to  a  pressure  of  6  atmospheres  gage. 
The  gas  engine  is  a  four  stroke  cycle  twin  tan- 
dem engine  working  on  coke-oven  gas  with  a 
heating  value  of  from  4,000  to  4,500  WE,  (448 
to  504  B.t.u.  per  cu.  ft.).  The  high  pressure 
and  low  pressure  cylinders  of  the  air  com- 
pressor are  directly  connected  to  each  of  the 
sides  of  the  gas  engine,  each  side  of  the  en- 
gine being  so  designed  that  it  can  compress  as 
a  single  stage  compressor  from  4800  to  7000 
cbm.  (169,500  to  247,200  cu.  ft.)  per  hour  to  a 
pressure  of  5  atmospheres,  according  to 
whether  the  high  or  low  pressure  cylinders  are 
operated.  The  arrangement  is  such  that  even 
when  the  engine  is  being  cleaned,  or  under- 
going repairs,  the  compressor  is  still  partly 
rnnning. 
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iTDuration  of  test,  hr g 

Barometer  pressure,  mm.  water 753  75 

Temperature  of  air  sucked  in,  deg.  cent./fahr 13.25/55.9 

Temperature  behind  the  low  pressure  cylinder,  deg.  cent./fahr.  .  102.8/217. 1 

Temperature  behind  intermediate  cooler,  deg.  cent./fahr 31 .4/88.6 

Temperature  behind  high  pressure  cylinder,  deg.  cent./fahr...  .  112.8/236.1 

Compressed  air  pressure,  atmospheres  gage 6  6 

Volumetric  eflficiency  ol  cornpressor,  per  cent 87 . 7 

R-pm 90.6 

Air  output  of  compressor,  cbm/cu.ft 15,277/539,493 

Power  consumption  of  compressor,  i.h.p 1479 

Indicated  output  of  gas  engine I774 

Mechanical  efficiency  ot  the  plant,  per  cent 83.4 

Low  pressure  side: 

R-P.m 73 . 5 

Volumetric  efficiency,  per  cent 49.9 

Air  output  per  hour,  cbm/cu.  ft 7051 . 6/249,004 

Compressed  air  pressure,  atmospheres  gage 

Average  temperature  of  compressed  air,  deg.  cent./fahr 

High  pressure  side: 

R.p.m '. 

Volumetric  efficiency,  per  cent 

Air  output  per  hour,  cbm/cu.ft 4767.2/168,345 

Compressed  air  pressure,  atmospheres  gage 4.9 

Average  temperature  of  compressed  air,  deg.  cent. /fahi 138/280 

RECORD     OP     COMPRESSOR     TESTS. 


0.1 

138/280 

87.3 

72.9 

When  the  engine  is  operated  at  its  full  ca- 
pacity of  15,000  cbm.  per  hour  it  has  a  speed  of 
90  r.p.m.  The  compressor  has  Horbiger-Rog- 
ler  plate  valves  conveniently  located  in  a  valve 
chamber  in  such  a  way  that  they  can  be  easily 
exchanged.  In  order  to  attain  as  low  an  air 
temperature  as  possible  and,  further,  in  order 
to  comply  with  the  police  requirement  that  the 
temperature  in  a  single  stage  compressor 
should  not  exceed  140  deg.  cent.  (284  deg. 
fahr.),  the  walls  of  the  compressor  as  well  as 
the  compressor  piston  are  water-cooled.  The 
intermediate  cooler  which  permits  the  cooling 
down  of  the  partly  compressed  air  to  the  tem- 
perature of  suction  is  placed  in  the  floor  in  an 
accessible  position.  A  tube  filter  of  the  Blass 
type  is  used  for  cleaning  the  air  in  suction. 

The  engine  was  subjected  to  an  acceptance 
test  in  the  period  from  September  29th  to  Oc- 
tober 4th,  1914,  and  a  further  control  test  on 
October  13th.  The  work  of  the  cylinders  of 
the  gas  engine  and  compressor  were  determ- 
ined by  indicating  the  air  pressure  and  temper- 
ature by  properly  calibrated  manometers  and 
thermometers,  while  the  heat  content  of  the 
gas  was  determined  by  analysis  and  by  means 
of  a  Junker  calorimeter. 

In  order  to  eliminate  the  influence  of  out- 
side temperature  and  the  action  of  sun  rays  on 


the  gasometer,  all  the  tests  were  carried  out 
after  the  sun  went  down.  Nevertheless  it  has 
been  found  in  testing  the  air  tightness  of  the 
gasometer  that  the  pressure  lever  continued  to 
sink  after  sundown  and  this  led  to  the  control 
test  on  October  13th.  The  data  of  the  test  are 
shown  in  Table  i.  This  test  has  shown  that 
the  plant  as  it  stands  did  not  satisfy  entirely 
the  very  exacting  requirements  of  the  contract 
but  that  it  was  fairly  efficient.  During  the  en- 
tire test,  the  engine  ran  quietly  without  caus- 
ing any  trouble,  and  no  disturbances  of  any 
kind  in  the  operation  of  the  plant  were  ob- 
served. 


ROCK  DRILLS  ARE  NOT  STEAM  ENGINES 

The  United  States  Court  of  Customs  Ap- 
peals has  decided  that  rock  drills  and  bar 
hoists  are  not  "steam  engines"  within  the 
meaning  of  the  tariff  law.  The  collector  had 
classified  the  articles  under  the  act  of  1909  as 
manufactures  of  metal,  and  took  duty  at  the 
rate  of  45  per  cent,  under  paragraph  199.  The 
importers  went  to  the  Board  of  General  Ap- 
praisers with  the  claim  that  the  machines  fall 
under  paragraph  197,  at  30  per  cent.,  as  ''all 
steam  engines."  Presiding  Judge  Montgom- 
ery, in  his  decision  for  the  court  said  the  real 
question  in  the  case  is  whether  the  articles  in 
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the  condition  as  imported  come  within  the 
meaning  of  the  term  "steam  engines."  He  dis- 
cussed the  testimony  and  concluded  as  fol- 
lows :  "The  attachment  which  is  added  to  this 
machine  and  becomes  a  part  of  it  as  imported 
was  designed  for  the  purpose  of  adapting  it  to 
making  it  usable  as.  and  only  as.  a  compressed 
air  machine,  and  only  usable  by  applying  com- 
pressed air,  whereas  to  constitute  it  a  steam 
engine  a  change  in  the  appliance  must  be  made, 
not  only  by  adding  an  attachment,  but  by  re- 
moving the  attachment  from  the  machine  as  it 
is  imported  and  substituting  another,  some- 
thing which  we  have  no  reason  to  expect  will 
occur  or  was  ever  contemplated  by  the  im- 
porter or  any  one  dealing  with  such  articles." 


SHOWINf;    LOCATION'    OF    RKCKIVRR. 

AIR  RECEIVER  MAKES  TROUBLE  IN  A 
RIVETING  OUTFIT 

A  curious  case  of  trouble  in  a  riveting  out- 
fit, fhit  to  carelessness  in  arranging  and  locat- 
ing the  air  plant  in  such  a  way  as  .to  avoid 
trouble  from  dust,  is  described  by  a  corres- 
pendent.  The  work  was  the  erection  of  sev- 
eral street-crossing  railway  bridges,  where  the 
air  plant  was  laid  out  to  supply  several  bridges 
some  blocks  apart.  The  riveting  gangs  were 
frequently  delayed  by  dust,  etc..  clogging  the 
ports  and  valves  of  the  hammers.  This  was 
finally  traced  to  two  things,  the  absence  of 
suitable  screens  at  the  compressor  inlet — the 
operator  thought  nucIi  a  refinement  unneces- 
sary in  the  field — and  the  luisuitTble  arrange- 


ment of  the  air  receiver.  The  plant  was  placed 
about  halfway  between  two  bridges  which  were 
some  300  ft.  apart.  It  consisted  of  boiler, 
hoist  and  winch  and  air  compressor,  and  from 
here  a  i'4-in.  pipe  extended  to  both  bridges. 
The  air  receiver  was  located  near  one  of  the 
bridges.  It  was  cut  into  a  branch  or  bypass 
of  the  line  instead  of  into  the  main  airline  it- 
self. Furthermore,  on  account  of  the  lay  of 
the  ground,  the  main  pipe  was  lower  than  the 
receiver,  so  that  there  could  be  no  draining 
down  into  the  receiver,  but  rather  the  reverse. 
As  will  be  seen  from  the  nature  of  the  ar- 
rangement, the  receiver  had  no  action  in  the 
way  of  removing  dust  or  moisture  from  the 
air,  and  since  the  railway  traffic  stirred  up  a 
considerable  amount  of  dust  alongside  the 
roadbed,  the  unscreened  compressor  inlet  al- 
lowed quantities  of  dust  to  get  into  the  system 
and  pass  by  the  receiver  to  the  hammers. 

The  above,  including  the  title,  we  reproduce 
from  Engineering  News,  Jan.  28.  It  is  well  to 
thus  call  attention  to  the  carelessness  too  fre- 
quently shown  as  to  the  apparently  minor  de- 
tails of  compressed  air  installations.  We  can- 
rot  but  think,  however,  that  in  this  case  too 
much  stress  is  laid  upon  the  mode  of  connec- 
ing  the  air  receiver.  As  the  normal  flow  of 
the  air  did  not  pass  through  the  receiver,  of 
course  none  of  the  dust  could  have  been  de- 
posited there ;  but  if  the  receiver  nad  been  so 
connected  that  all  the  air  used  would  have 
passed  through  it,  only  a  very  minute  portion, 
if  any,  of  the  dust  in  suspension  would  have 
been  left  there. 

A  cheap  and  simple  air  strainer  at  the  in- 
take would  have  caught  the  dust  before  the 
nir  entered  the  compressor,  and  that  would 
have  been  the  last  of  it.  Such  a  strainer  any 
one  with  normal  gumption  should  be  able  to 
devise  and  construct.  For  instance,  make  a 
frame  or  skeleton  of  a  cubical  box,  say  two 
feet  on  the  side  if  for  a  small  compressor,  and 
cover  the  sides  of  the  frame  with  or  three 
thicknesses  of  cheesecloth.  Then  let  the  in- 
take pipe  get  all  its  air  from  the  interior  of 
this  box  and  the  dust  will  be  found  on  the  out- 
side of  the  box  instead  of  in  the  pneumatic 
tools.  It  would  be  a  profitable  refinement  to 
make  arrangement>  for  keeping  the  cheese- 
cloth or  burlap  wet.  and  of  course  it  would  be 
necessary  to  occasiomlly  wash  off  the  accum- 
ulated dirt. 
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AT  LEAST   DESERVING  A  FAIR  TRIAL 

The  first  article  in  our  present  issue  should 
be  at  least  of  interest  to  our  readers.  It  sets 
ff^rth  a  scheme  which  can  only  be  said  to  be 
(|Ucstionable,  and  being  f4uestionable  there  arc 
two  opposite  possibilities  suggested.  It  may 
be  practically  worthless  or  it  may  embody  a 
solution,  partial  or  complete,  of  a  perplexing 
problem.  We  are  presenting  it  merely  as  a 
matter  of  general  interest  in  the  compressed 
air  field,  and  without  being  understood  as  in 
any  way  endor.sing  the  scheme.  We  are  will- 
ing, however,  to  say  that  trials  have  been  car- 
ried far  enough  for  Mr.  Brasher  to  make  it 
appear,  as  we  might  say,  that  there  may  be 
something  in  it.  The  photos  presented  are  far 
from  convincing.  If  they  had  been  taken 
from  the  beach  instead  of  from  an  elevation 
the  differences  in  the  condition  of  the  water 
surface  would  have  been  more  apparent,  and 
an  actual  sight  of  the  phenomena  exhibited 
would  have  been  more  satisfactory.  The  con- 
fidence exhibited  by  Mr.  Brasher  and  those 
associated  with  him,  who  are  fctmiliar  with 
the  developments  up  to  date,  is  a  factor  of  val- 
ue in  the  present  situation. 

To  fairly  try  this  device  for  robbing  the 
waves  of  their  destructive  effect  there  is  per- 
haps no  better  opportunity  than  along  the 
coast  of  New  Jersey,  where  the  losses  have 
been  so  severe  and  where  they  are  so  certain 
to  continue.  The  trial  mentioned  at  the  At- 
lantic City  pier  was  absurdly  inadequate  for 
the  purpose  intended,  suggesting  Mrs.  Parting- 
ton's broom,  and,  besides  that,  there  are 
places  along  the  coast  wdiich  have  been  more 
unfortunate  and  which  are  more  in  need  of 
protection.  A  score  or  more  years  ago.  per- 
haps the  most  attractive  popular  day  steam- 
boat excursion  out  of  New  York  was  that  to 
Long  Branch.  On  account  of  the  uncertain- 
ties involved  it  could  only  be  conducted  in  a 
half-hearted  way  at  the  best,  and  now  it  is 
among  the  regretted  recollections,  because  the 
landing  pier  could  not  be  maintained.  If  that 
pier  could  have  been  made  secure  and  perma- 
nent, arid  if  the  encroachments  of  the  sea 
along  the  coast  could  have  been  stopped,  say 
by  the  Brasher  system,  the  cost  of  compres- 
sors and  piping  would  have  been  absurdly 
small  as  compared  with  the  property  and  busi- 
ness values  secured.  It  would  be  quite  possible 
to    demonstrate    at    that    point,    or    along    the 
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coast  line  there  within  a  few  miles,  whether 
the  system  would  be  effective  and  dependable, 
but  not  by  a  makeshift  plant.  It  can  only 
be  decisively  determined  by  an  actual  trial  in- 
stallation complete  in  every  detail  and  suffi- 
cient if  successful  to  be  maintained  as  a  per- 
manencv. 


AMERICAN   INSTITUTE  OF  MINING 
ENGINEERS 

At  the  annual  meeting  of  the  American  In- 
stitute of  Mining  Engineers,  listed  as  the  one 
hundred  and  tenth  meeting  of  the  Institute,  at 
the  Engineering  Building,  New  York,  Feb. 
i6th,  the  following  officers  were  elected : 

President,  William  L.  Saunders;  Vice  Pres- 
idents, Sidney  J.  Jennings  and  Philip  N. 
Moore :  Directors,  S.  A.  Taylor,  Robert  W. 
Hunt,  Hennen  Jennings,  George  C.  Stone  and 
W.  H.  Aldridge.  Secretary  and  Treasurer  are 
elected  by  the  directors. 

The  most  notable  paper  presented  at  the 
meeting  was  by  Dr.  Walter  O.  Snelling,  a  re- 
search chemist  of  Pittsburgh,  on  a  process  for 
making  gasoline  from  "synthetic  crude  oil." 
B.  B.  T-hayer,  President  of  the  Anaconda  Cop- 
per Company,  the  retiring  President  of  the  In- 
stitute, announced  a  gift  of  $5,000  from  Dr. 
James  Douglas  to  be  used  for  the  extension  of 
the  library.  Announcement  was  also  made  of 
a  gift  of  $1,000  from  Sir  Robert  Hatfield,  to 
be  awarded  next  year  for  the  best  essay  by  a 
member  of  the  Institute  upon  some  mining  en- 
gineering topic. 


GUESSING  A  RIDDLE 

A  correspondent  asks  us :  What  is  the  ap- 
proximate production  of  compressed  air  in  the 
United  States,  free  air  measurement? 

As  to  the  answer  to  this  our  correspondent 
knows  as  much  as  we  do.  and  compressor 
builders  probably  know  precisely  the  same. 
Nevertheless,  here  goes : 

Say  that  there  are  in  the  U.  S.  10,000  com- 
pressors averaging  1000  cu.  ft.  per  min.  each; 
the  output  for  a  year,  12  hours  per  day,  300 
days  would  be : 

io,oooX  ioooX6oy  12X300=2. 160,000.000,000  cu. 
ft. 

At  2  cents  per  1000  cu.  ft.,  which  is  cheap, 
this  would  amount  to  $43,200,000.00.  which  to- 
tal we  seriously  think  is  much  too  low. 

This  is   for  bona-fide  compressors   for  com- 


pressed air  service.  Then  there  are  the  blast 
furnaces  and  foundries  whose  volume  used 
would  be  several  times  as  much  as  this,  and 
the  air  brake  and  the  beer  pumps;  and  after 
all  there  would  be  the  hot  air,  which  is  past 
all  computation. 


UNDECORATED  GENERALS 

Gen.  Von  Kluck  and  his  army  made  a  really 
impressive  march  from  the  Belgian  frontier 
to  the  gates  of  Paris,  but  how  much  of  that 
victorious  march  was  due  to  Von  Kluck  and 
how  much  due  to  some  presumably  spectacled 
and  narrow-chested  individual  living  in  a  per- 
petual atmosphere  of  tracing  paper  and  cal- 
culations in  the  great  gun  works  at  Essen? 
And  when  the  French,  with  their  terrible  "sev- 
enty-fives," achieve  a  victory  (i.  e.,  advance  a 
hundred  yards  or  so  along  part  of  their  line;, 
has  not  the  designer  of  the  "seventy-fives" 
rather  more  to  do  with  it  than  the  officer  in 
command?  It  might  not  be  too  much  to  say 
that  the  real  winners  of  modern  battles  are 
not  soldiers  nor  sailors,  but  certain  quiet  civi- 
lians of  a  studious  frame  of  mind. — Scientific 
American. 


SUIT  TO   RECOVER  A  FOG 

A  reduction  or  abolition  of  fog  as  ground 
for  damages  in  a  stream  diversion  case  was 
recently  brought  forward  in  Pennsylvania  in 
a  suit  against  the  Johnstown  Water  Co.  The 
complainant  alleged  that  the  building  of  a 
dam  by  the  company  so  reduced  the  flow  in  a 
stream  passing  by  the  complainant's  land,  that 
prevalence  of  fog  over  the  land  adjacent  to  the 
stream  was  reduced,  and  in  consequence  the 
crops  suffered  from  frosts  from  which  the 
fog  had   previously  shielded  them. 


The  combination  of  methods,  means  and 
men  employed  in  driving  the  Rogers  Pass 
Tunnel  is  keeping  up  its  record  breaking,  rec- 
ord making  pace.  The  advance  of  the  west 
pioneer  heading,  as  given  in  our  February  is- 
sue, was  817  ft.  in  November  and  852  ft.  in 
December,  and  now  comes  the  figure  for  Janu- 
ary, 932  ft.,  a  bigger  jump  than  before. 


A  single  power  transmission  line,  carrying 
140,000  volts,  now  extends  from  Bishop  Creek 
to  San  Bernardino  and  thence  to  El  Centro, 
Cal.,  a  total   distance  of  404  miles. 
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FIG.     I. 

THE  TOOL=OiV\=ETER 

This  is  a  new  device  whose  use  is  well  sug- 
gested by  the  name  which  has  been  invented 
for  it.  It  is  for  measuring  the  air  which  goes 
through  a  pneumatic  tool  or  any  air  driven 
device  when  in  operation.  Of  the  "long  felt 
want"  of  such  a  device,  simple,  cheap,  handy. 
and  reliable,  it  is  not  necessary  to  speak. 

Fig.  I  shows  the  Tool-om-eter  externally 
and  Fig.  2,  is  a  section  by  referring  to  which 
the  principle  of  operation  may  be  easily  un- 
derstood. It  is  always  to  be  used  in  a  verti- 
cal position  and  is  connected  to  the  air 
supply  of  the  tool  whose  air  consumption  is 
to  be  measured,  the  air  entering  by  the  large 
opening  near  the  bottom  on  the  left  hand  side 
and  escaping  through  the  opening  at  the  right. 
As  the  air  enters  it  passes  up  into  the  interior 
of  the  central  cylinder  and  passes  out  through 
the  small  holes  with  which  this  cylinder  is 
perforated  and  so  reaches  the  discharge  open- 
ing.   The  holes  are  located  practically  over  the 


FIG.  2. 
entire  cylinder  surface  although  unfortunaj:ely 
only  those  on  the  section  line  are  indicated  in 
the  cut.  When  the  piston  is  at  the  bottom  of 
the  cylinder  no  air  will  be  passing  through 
the  instrument  and  rhe  reading  at  the  scale 
above  will  be  zero.  As  air  begins  to  pass  the 
piston  rises,  uncovering  successively  the  holes 
around  the  cylinder,  the  number  of  holes  un- 
covered varying  with  the  volume  of  air  pass- 
ing through.  This  is  in  accordance  with  the 
familiar  law  deduced  by  Poncelet :  The 
Tohiinc  of  a  definite  compressed  fluid  or  gas 
flozving  under  small  constant  head  through 
multiple  orifices  of  the  same  shape  and  size,  is 
directly  proportional  to  the  number  of  orifices 
exposed  to   the  flozv. 

The   rod   which   carries   the   main    piston   is 


7548 


COMPRESSED  AIR  MAGAZINE. 


continued  upward  and  travels  in  a  glass  tube 
through  which  it  may  be  seen,  the  end  of  it 
locating  the  correct  reading  on  the  scale  at 
the  side.  The  lower  end  of  the  rod  carries  a 
piston  travelling  loosely  in  a  dashpot  of  oil 
which  steadies  the  movement.  The  reading  of 
the  scale  on  the  instrument  here  shown  is  from 
10  to  lOO  cubic  feet  of  free  air  per  minute, 
which  makes  it  suitable  for  most  small  pneu- 
matic tools,  such  as  chipping  and  riveting 
hammers,  hammer  and  air  feed  drills,  wood 
boring  and  metal  drilling  machines,  the  bosses 
being  threaded  for  i  in.  pipe.  Another  she 
for  2  in.  pipe,  with  scale  reading  from  50  to 
300  cubic  feet,  is  suitable  for  standard  rock 
drills,  coal  punchers,  sand  blast,  etc. 

If  the  toolometer  is  connected  into  the  dis- 
charge line  of  a  small  compressor  its  action  is 
of  course  just  the  same,  and  it  shows  the  rate 
of  air  compression  as  accurately  as  its  con- 
sumption. As  will  be  seen  there  is  apparently 
nothing  to  wear  out  and  certainly  nothing  to 
break  and  from  the  material  used,  there  is  also 
nothing  to  corrode.  Built  by  the  New  Jersey 
Meter  Company,  Plainfield,  N.  J. 


A  MINUTE  STUDY  OF  ROCK  DRILLING 
SEQUENCES* 

BY  BENJAMIN  F.  TILLSON. 

Perhaps  the  consideration  of  the  physical 
phenomena  relating  to  the  process  of  drilling 
may  prove  of  interest  and  value.  When  rock 
is  excavated  by  a  drill  bit  three  applications  of 
force  seem  to  be  involved :  by  abrasion,  by 
crushing,  and  by  severing  or  chipping.  Al- 
though all  of  these  must  take  place  to  a  certain 
degree,  the  greatest  amount  of  useful  work  is 
performed  when  the  percentage  of  force  ap- 
plied to  chip  reaches  a  maximum.  But  in  rock 
it  appears  that  chips  can  be  produced  in  radi- 
cally different  ways :  first,  by  the  severing  of 
molecules,  and  second,  by  the  reflex  forces 
produced  in  an  elastic  medium.  To  illustrate 
this,  consider  the  chipping  of  a  comparatively 
inelastic  substance  such  as  lead.  With  a  ham- 
mer and  a  chisel,  whose  axis  is  inclined  con- 
siderably from  the  normal  to  the  surface  of  a 
lead  block,  it  is  possible  to  sever  the  lead  and 
roll  up  chips,  but  if  the  chisel  is  normal  to  the 
surface  of  a  thick  block  only  an  indentation 
can    be    made    and    there    probably    will    be    a 

*Extract  from  paper  before  the  American 
Institute  of  Mining  Engineers.  Feb..  191 5. 


raised  area  about  the  indentation  to  accom-- 
modate  a  certain  percentage  of  the  displaced 
metal.  On  the  other  hand,  with  a  highly  elas- 
tic material,  such  as  glass,  the  forces  impressed 
by  a  normally  positioned  chisel  will  cause  a 
compression  of  the  molecules,  whose  elasticity 
will  cause  their  expansion  toward  a  free,  un- 
resisted surface.  Since  the  greatest  forces  are 
developed  at  the  surface,  since  the  penetration 
of  the  chisel  carries  some  forces  to  a  depth 
below  the  surface ;  and  since  the  chisel  sur- 
face itself  applies  some  forces  at  an  angle  to 
its  axis  and  impedes  the  re-expansion  of 
molecules  to  the  space  it  occupies,  therefore, . 
the  reflex  forces  produce  more  or  less  cone- 
shaped  chips  or  flakes  and  leave  a  corres- 
ponding crater  in  the  block  of  glass.  Now, 
if  the  chisel  is  placed  near  the  edge  of  a  block 
of  glass,  the  blow  upon  it  will  induce  stresses 
to  another  free  face  and  a  correspondingly 
larger  chip  will  be  produced  because  of  the 
tendency  of  the  forces  to  seek  relief  in  the 
shortest  direction  as  well  as  because  of  the: 
severing  effect.  The  method  of  cutting  of  a 
drill  bit  is  commonly  shown  as  taking  place  in 
this  last  way  with  the  progressive  chipping  ot 
a  series  of  benches  or  steps,  but  it  is  doubtful 
whether  such  a  procedure  exists,  except  in 
rare  instances,  for  the  speed  and  latitude  of 
rotation  between  consecutive  blows  of  the  drill' 
piston  or  hammer  cannot  be  controlled  with 
sufficient  precision  nor  adjusted  to  the  various 
rocks ;  and  an  inspection  of  the  cuttings  from, 
a  drill  hole  shows  them  to  be  flakes,  or  a 
crushed  and  abraded  powder. 

In  the  formation  of  these  flaky  chips  there- 
may  be  .a  limiting  force  of  blow  for  each  ve- 
locity of  impression  in  order  to  gain  the  most 
useful  work  (i.  e.,  in  the  production  of  flakes), 
for   it   appears  that  beyond   certain   limits  the- 
blows  increase  the  percentage  of  crushed  ma- 
terial   and    the    drilling    speed    does    not    vary- 
with    the    force    applied,    so   that    some    heavy- 
hittini^   drills  accomplish  more  in  medium-soft 
ground  when  a  portion  of  their  blows  arc  ab- 
sorbed  by   a   tappet    at   the   shank   end   of   the 
steel  f)r  by  a  cushion  of  water  intervening  be- 
tween  the  bit  and   the   rock.     If  the   force  of 
the  l)lows  was  lessened  by  a  reduction   in  air 
I)rcssure    the    speed    of    the    piston    would    be 
slowed  up,  and  the  drilling  would  sufl'cr  from 
the  fewer  number  of  blows  per  minute. 

The    transmission    of   the    kinetic   energy   of 
the    pi'-ton    to    tlic    rock    is    also    influenced    by 
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many  factors.  The  blow  may  be  delivered 
against  the  rock  by  the  free  drill  steel  which 
is  driven  forward  through  the  intervening 
air  or  water  by  the  impact  of  the  piston  and 
the  velocity  of  the  steel  will  depend  upon  the 
relative  masses  of  the  drill  steel  and  piston, 
the  velocity  of  the  piston,  and  the  coefficient 
of  elasticity  of  the  steel,  in  accordance  with 
the  well-known  laws  of  mechanics  which  deal 
with  elastic  or  partly  elastic  bodies  and  their 
impact.  The  drill  steel  in  this  way  assumes  the 
functions  of  a  "jumper"  drill  which  is  driven 
against  and  rebounds  from  the  rock  at  a  high 
frequency,  and  its  action  is  well  seen  in  most 
all  screw-feed  hammer  drills  with  the  ring- 
ing or  jingling  of  the  steel  in  a  drill  hole.  An- 
other mode  of  force  transmission  is  by  compres- 
sional  waves,  traveling  through  the  drill  steel 
from  the  shank  to  the  bit.  This  latter  condi- 
tion brings  a  cutting  effect  only  when  one  end 
of  the  steel  is  tight  against  the  rock,  but  then 
proves  very  efficient.  Although  the  air-feed 
hammer  drills  usually  chatter  the  steel  against 
the  rock,  like  a  projectile  shot  from  the  chuck 
bushing  by  impacts  of  the  piston,  yet  it  seems 
possible  to  approximate  the  other  working 
condition  by  designing  the  air  feed  so  that  the 
pressure  is  lowered  as  the  piston  is  traveling 
on  its  back  stroke  (possibly  by  taking  the  sup- 
ply air,  for  the  back  stroke,  from  the  air  feed) 
and  so  that  the  air-feed  pressure  builds  up 
and  forces  the  drill  against  the  rock  just  be- 
fore it  is  struck  by  the  piston.  The  reversed- 
air  feeds  may  sometimes  approximate  these 
conditions  and  then  assist  the  machine  to  a 
higher  drilling  speed.  If  hammer  drills  were 
made  so  that  the  drill  steels  were  always  held 
firmly  against  the  rock,  when  the  piston  strikes 
them,  it  seems  unquestionable  that  the  greatest 
efficiency  of  the  blows  of  the  piston  would  re- 
sult, providing  they  were  properly  timed,  for 
no  energy  would  be  lost  by  reason  of  the  in- 
ertia of  the  drill  steel,  but  only  that  due  to 
heating,  resulting  from  the  imperfect  elasticity 
of  the  metal.  The  question  of  the  proper  tim- 
ing of  the  piston  blows  opens  another  phase  of 
the  matter,  namely,  the  reaction  of  the  rock 
upon  the  drill  steel ;  and  this  effect  is  the  more 
pronounced  with  harder  rock.  It  tends  to 
speed  up  the  piston  and  is  so  noticeable  in 
running  a  machine  against  a  metal  block  as  to 
invalidate,  as  too  high,  all  air-consumption 
tests  so  conducted.  The  effect  of  these  reac- 
tive vibrations  upon  the  drill  steel  may  prove 


very  marked  and  serious.  Where  the  reactive 
vibrations  interfere  with  oncoming  compres- 
sional  waves,  considerable  energy  is  dissipated, 
and  at  times  one  may  be  so  fortunate  as  to 
detect  points  of  increased  temperature  (proba- 
ble nodes)  upon  a  drill  steel  which  is  cutting 
ground;  and  it  is  no  uncommon  thing  to  see  a 
drill  steel,  in  service,  break  at  two  points  ("in- 
to three  pieces)  simultaneously,  probably  from 
fatigue  because  of  these  vibratory  stresses.  On 
the  other  hand,  if  these  vibrations  synchronize 
at  the  bit  it  is  quite  possible  that  the  chipping 
forces  are  greatly  augmented,  and  such  an 
explanation  may  readily  answer  those  puzzling 
drill  tests  in  which  a  dull  or  broken  bit  ex- 
ceeds a  finely  formed  bit  in  drilling  speed.  For 
a  long  time  at  Franklin  a  tally  was  kept  of  the 
different  individual  drill  steels  which  entered 
into  the  testing,  with  the  hope  of  determining 
that  some  particular  piece  of  steel  produced 
the  greatest  cutting  speed,  but  no  conclusion 
could  be  drawn  from  the  records,  except  that 
the  changes  in  length  due  to  resharpening 
probably  masked  any  possibility  of  determin- 
ing the  suitable  lengths  for  maximum  efficien- 
cy. And  it  seems  quite  plausible  that  such  a 
result  should  be  expected  if  the  possible  wave 
lengths  of  the  compressional  vibrations  in  the 
drill  steels  are  considered.  Probably  these  re- 
active vibrations  occur  to  a  great  extent,  as 
well,  in  the  process  of  drilling,  where  the  steel 
dances  in  the  chuck  and  against  the  rock,  for 
steel  breakage  appears  equally  as  high,  if  not 
higher,  with  such  a  type  of  machine  as  with 
the  pneumatic  feed,  and  tests  comparing  these 
two  types  for  such  effects  might  prove  very 
interesting  as  well  as  instructive. 

But  still  other  factors  influence  the  force  de- 
livered at  the  rock.  If  the  anvil  block  or  tap- 
pet is  not  in  contact  with  the  drill  when  the 
piston  strikes,  a  considerable  energy  loss  oc- 
curs through  the  transference  of  momentum  to 
several  pieces.  If  the  steel  is  bound  in  the 
chuck  bushing,  a  great  amount  of  the  energy 
is  absorbed  by  the  friction.  If  the  steel  is  not 
straight,  it  loses  energy  because  of  the  flexure. 
If  the  chuck  is  badly  worn,  the  axis  of  the 
.-teel  does  not  coincide  with  that  of  the  drill 
and  there  is  a  loss  due  to  the  oblique,  eccen- 
tric impact.  If  the  steel  is  tight  in  the  drill 
hole,  or  if  the  friction  against  the  side  of  the 
hole  is  great  because  of  its  depth,  the  velocity 
of  the  steel,  as  a  projected  body,  is  lessened 
and  the  drilling  speed  is  reduced.  ' 
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The  length  of  the  drill  steel  is  an  item  gen- 
erally credited  as  an  important  influence,  and 
common  opinion  supports  the  idea  that  the 
cutting  speed  falls  as  the  length  of  the  steel 
increases,  although  some  people,  on  the  con- 
trary, feel  sure  that  the  long  steels  drill  the 
fastest.  The  tests  conducted  at  Franklin  do 
not  lend  an  unqualified  support  to  either  view, 
for  the  peculiarities  of  different  types  of  ma- 
chines play  so  important  a  part.  For  example 
if  the  air  feed  is  very  strong  in  a  stoping  drill 
the  additional  counteracting  weight  of  a  long 
and  heavy  steel  may  so  improve  the  working 
conditions  as  to  indicate  a  superiority  for  the 
long  steel,  and  if  the  air  feed  is  weak  the  re- 
verse may  be  true ;  if  the  drill  steel  cuts  by 
virtue  of  a  dancing  or  "jumper"  action,  the 
mass  added  with  length  may  so  reduce  its  ve- 
locity against  the  rock  as  to  bring  it  below  the 
amount  required  for  efficient  chipping;  if  the 
piston  normally  delivers  too  heavy  a  blow  for 
the  rock,  the  drilling  speed  may  be  improved 
by  the  added  inertia  of  the  long  steel ;  and  if 
the  steel  is  always  against  the  rock  when  a 
blow  is  delivered,  it  is  doubtful  whether  the 
.length  of  the  steel  plays  an  important  part  un- 
less the  permitted  decrease  in  the  gauge  of 
the  drill  bits  aids  the  cutting  speeds.  It  is,  of 
course,  to  be  understood  that  the  above  con- 
siderations of  drill-steel  lengths  refer  to  the 
performances  with  bit  gauges  of  the  same 
diameter. 

The  use  of  an  anvil  block  is  considered  by 
some  drill  designers  to  necessitate  a  loss  of 
from  20  to  30  per  cent,  of  the  power  of  a  drill 
but  actual  tests  do  not  always  indicate  such  a 
condition  when  the  identical  steel  is  tested  in 
the  same  drill  with  and  without  a  tappet.  The 
results  probably  depend  upon  how  frequently 
the  tappet  is  struck  when  away  from  the  shank 
of  the  steel,  and  also  upon  the  suitability  of 
the  machine  to  the  rock,  for  if  its  blows  are 
too  heavy  the  intervention  of  a  loose  tappet 
might  reduce  their  force,  with  a  l)cnefit  in 
drilling  speed.  The  use  of  water  at  the  bot- 
tom of  the  hole  ordinarily  consumes  about  10 
per  cent,  of  the  cutting  speed  if  there  is  no 
tendency  for  the  drill  bits  to  lose  their  temper, 
and  compressed  air  for  cleaning  the  holes  en- 
courages a  greater  drilling  speed,  providing 
the  cushirin  of  water  in  the  bottom  of  the  hole 
does  not  have  a  benign  influence  in  reducing 
too  powerful  a  blow  upon  the  rock. 

The  manner  in  which  a  drill  is  rotated  has 


a  bearing  upon  the  amount  of  work  accom- 
plished, and  with  hand-rotated  tools,  a  vigor- 
ous rotation  with  a  rapid  and  wide  arc  of 
swing  produces  the  best  results ;  with  power- 
rotated  drills  it  is  possible  to  reach  such  a 
speed  as  to  abrade  and  dull  the  drill  bits,  and 
consequently  lessen  the  drilling  speed.  It 
seemed  that,  with  a  positive  and  constant  ro- 
tation, the  axial  planes  of  the  cutting  edges  of 
the  drill  bits  should  be  at  the  same  angle  with 
the  cut  surface  as  the  resultant  velocity  vector, 
as  estimated  for  the  rotative  and  striking  ve- 
locities ;  and  such  a  bit  was  tried  at  Franklin 
without  showing  a  change  in  cutting  speed, 
probably  because  with  either  bit  the  chips  came 
out  in  flakes,  as  previously  described. 


NOTES 

Manufacturers  of  valves,  cylinders,  record- 
ing gages,  filling  and  weighing  stands,  and  of 
materials  and  appliances  entering  into  the 
manufacture,  transportation  and  sale  of  com- 
pressed gases,  are  requested  to  send  catalogues, 
price  lists  and  full  descriptive  details  to  the 
Secretary  of  the  Compressed  Gas  Manufac- 
turers' Association,  Inc.,  25  Madison  Avenue, 
New  York  City. 


An  illustration  of  the  danger  of  gas  being- 
ignited  by  incandescent  lamps  used  for  light- 
ing the  drilling  rigs  of  gas  wells  is  given  in  a 
recent  field  report  of  J.  J.  Rutledge,  mining 
engineer  of  the  Bureau  of  Mines.  The 
driller  on  duty  at  the  time  of  the  fire  declared 
that  a  pebble  blown  from  the  well  struck  and 
broke  an  incandescent  lamp  bulb,  so  that  the 
gas  from  the  well  was  ignited  by  coming  in 
contact  with  the  broken  filament.  The  result- 
ing fire  totally  destroyed  the  rig  and  caused 
considerable  additional   damage. 


The  most  northern  railroad  in  the  world  is 
to  be  strictly  an  electric  one.  It  is  located  near 
Porjus  Falls,  in  Lapland,  one  of  the  largest  in 
that  northern  peninsula.  The  building  of  the 
power  plant  was  a  government  project,  cost- 
ing about  $5,000,000.  The  economic  justifi- 
cation of  this  outlay  is  that  the  new  Lapland 
railway  is  expected  to  bring  ore  from  the  great 
Arctic  iron  mines. 


This  may  sound  like  a  joke,  but  it  is  not.  A 
certain  zinc  smelter  reports  that  he  is  now 
getting    everything    out    of    his    ore    but    the 
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"squeal."  Asked  to  explain  what  he  meant, 
he  said  that  he  is  now  putting  up  in  barrels 
the  residuum  from  his  retorts  and  selling  it  as 
a  specific  against  hog  colera.  There  is  active 
demand  for  the  substance  for  that  purpose.  It 
is  said  that  the  zinc  residuum  spread  over  the 
hog  yard  stamps  out  the  germs  of  hog  cholera 
and  the  hogs  experience  no  further  trouble. 
Nobody  offers  any  explanation.  This  is  sim- 
ply reported  as  a  thing  that  is  so. — Eng.  and 
Min.  Journal. 


Experiments  have  been  conducted  in  Austria 
on  tiie  maturing  or  aging  of  wines  by  refrig- 
eration and  aeration.  New  wines  in  bottles 
and  casks  were  first  subjected  to  a  temperature 
of  28.4  to  26.6  deg.  Fahr.  (at  which  tempera- 
tures they  did  not  freeze)  for  a  period  of  from 
24  to  48  hours,  after  which  they  were  aerated 
by  passing  air  through  them  for  24  hours  or 
racking  them  ofif  and  allowing  them  to  fall  in 
a  shower  through  air.  While  red  wines  showed 
no  efifects  from  the  treatment,  in  white  wines 
the  color  was  darker  and  the  taste  and  fra- 
grance had  decidedly  more  the  character  of 
old  and  ripe  wines  than  in  the  untreated  sam- 
ples. There  was  found  to  be  a  marked  de- 
crease in  the  content  of  nitrogenous  matter ; 
i.  e.,  the  same  effect  as  that  ordinarily  produced 
in  wine  by  keeping  it  a  long  time  in  cellerage 
and  racking  it  repeatedly. 


Not  long  ago  an  inquisitive  field  mouse  shut 
down  more  than  half  the  mines  and  mills  of 
the  Porcupine  gold  camp  of  Ontario  and  in- 
terrupted the  production  of  gold  for  half  a 
day.  The  mouse  got  into  a  switch  on  the 
transformer  house  at  the  Jupiter  mine  and 
made  a  short  circuit.  A  generator  was  burned 
out  at  the  Sandy  Falls  power  plant  and  the 
mishcief  was  done.  The  Hollinger  and  all 
other  companies  using  the  Sandy  Falls  power 
were  without  power  for  half  a  day.  No  mouse 
can  do  the  trick  more  than  once. 


When  the  United  States  revenue  cutter 
Seminole  was  being  overhauled  at  Arundel 
Cove,  Md.,  recently,  it  was  found  that  the 
ship's  old  boilers  would  have  to  be  removed 
and  new  ones  substituted  in  their  place.  These 
had  originally  been  set  while  the  vessel  was  in 
the  course  of  construction,  and  to  lift  them 
out  bodily  it  would  have  been  necessary  to 
tear  out  a  large  section  of  the  upper  deck.  As 


it  was,  the  work  was  accomplished  quickly  by 
cutting  the  boilers  into  strips  with  oxyacety- 
lenc  torches.  Two  men,  each  with  a  torch, 
cut  through  approximately  1000  ft.  of  steel 
plate,  averaging  i  in.  in  thickness,  in  30 
working   hours. 


To  save  Pringle  Hill  and  Courtdale,  two 
mining  villages  on  the  west  bank  of  the  Sus- 
quehanna River,  in  Pennsylvania,  from  drop- 
ping into  the  mines,  the  Kingston  Coal  Com- 
pany has  begun  operations  that  may  result  in 
the  flushing  of  Pringle  Mountain  into  worked- 
out  veins.  Stone  crushers  and  steam  shovels 
are  being  installed  for  this  latest  innovation 
in  mining. 


A  number  of  plants  in  St.  Louis,  Mo.,  are 
producing  commercial  oxygen  electrolytically. 
A  10  to  15  per  cent,  solution  of  caustic  soda 
or  caustic  potash  is  employed.  Through  this 
a  current  of  electricity  is  passed  and  the  o.xv- 
gen  that  collects  at  one  electrode  is  trapped 
and  led  off  to  a  compressor,  while  the  hydro- 
gen is  permitted  to  escape. 


LATEST  U.  S.  P.\TENTS 

Full  specifications  and  drawings  of  any  pat- 
ent may  be  obtained  by  sending  five  cents  (not 
stamps)  to  the  Commissioner  of  Patents, 
Washington,  D.  C. 

JANUARY    5. 

1,123,311.      AIR-MOTOR.      Justus    R.    Kinney, 

Boston,    Mass. 
1,123,327.     COMPRESSOR.      Charles    H.    Lein- 

ERT.   Chicago,   111. 
1,123,335.      PNEUMATIC       GRAIN-ELEVATOR. 

Henry  G.  Lykken,  Grand  Forks,  N.  D. 
1,123,372.        DRILL-SHARPENER.         Theodore 

Hiram   Proske.   Denver,,   Colo. 
1,123,426.        PNEUMATIC     CLEANING     APPA- 
RATUS.    Albert  E.  Tolin,  Anderson,  Ind. 
1,123,498.     BOAT    PROPULSION.       Rex    Dean, 
Findlay,  Ohio. 

1.  An   apparatus  of  the  class   described,   com- 
prising' a  vessel,  a  Venturi  tube  carried  thereby,  a 
pipe    ring   surrounding   the    restricted   portion    of 
said   tube   and   provided   with   orifices   leading  to 
and    communicating    with    the    interior    of    said 
tube,  said  orifices  curved  and  pointing  in  a  rear- 
ward  direction,   and  a   pipe  communicating  with 
said  pipe  ring  adapted  to  supply  a  gaseous  me- 
dium thereto  under  pressure  for  the  forcible  pro- 
jection of  a  liquid  medium  through  said  Venturi 
tube    in    a    rearward    direction,    resulting   in    the 
forward  propulsion  of  the  boat. 
1,123,527.       ROTARY    FLUID-PRESSURE    MO- 
TOR.    Henry  J.   Hanzlik,  Trenton.  N.  J. 
1,123.542.       PROCESS     OF     AGITATING     AND 
AERATING     SUBSTANCES.       Werner    Jan- 
ENSCH.   Charlottenburg,   Germany. 
1,123.588.       APPARATUS     FOR     LIQUEFYING 
AND     SEPARATING     ATMOSPHERIC     AIR, 
James  F.  Place.  Glen  Ridge.  N.  J. 
1,123.627.      PNEUMATIC   PLAYER.      EUGENE  T. 

TURNEY,   New  York,   N.   Y. 
1,123,678.     PNEUMATIC  IMPACT-TOOL.     Wil- 
liam BuRLiNGHAM,  Newport  News,  Va. 
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1,123.684.         GLASS-DRAWING      APPARATUS. 

William  L.  Clause,  Pittsburgh,  Pa. 
1,123,728.      DRY    SEPARATOR   AND   CONCEN- 
TRATOR.      Fritz    Henry    Gordon,    Portland, 
Oreg. 

1.  The  combination  with  a  separator  compris- 
ing a  fram*',  a  shaker  having  a  plurality  of 
sen  en  openings  mounted  to  vibrate  therein,  a 
body  portion  adapted  to  receive  air  under  pres- 
sure fixed  beneath  the  screen  openings,  a  recepta- 
cle in  the  body  portion  beneath  each  screen,  and 
an  air  chamber  at  the  rear  of  each  receptacle 
leading  from  the  body  portion  to  the  screened 
opening,  of  a  lorwardly  inclined  deflector  in  the 
shaker  at  the  rear  of  each  chamber  and  a  for- 
wardly  closing  valve  at  the  outlet  of  each  cham- 
ber. 

1,124.082.  AUTOMATIC  BRAKE-SETTING 
MECHANISM  FOR  PNEUxMATIC  BRAKES. 
Robert  J.  W'eldon,  Fort  Worth,  Tex. 


of    the    molten    mass,    and    collecting    the    gasea 

separately, 

1,124,407.        APPARATUS      FOR        TREATING 

ROADWAYS.     Sam  Everett  Finley,  Atlanta, 

Ga. 

1.  Apparatus  for  treating  roadw^ays  with  oil 
or  the  like,  comprising  a  tank,  multiple  spray 
nozzles  delivering  rotary  conical  sprays  to  the 
road  surface,  a  pump  for  delivering  the  material 
under  pressure  from  the  tank  to  said  nozzles, 
and  means  to  direct  a  blast  of  air  on  the  road- 
way in  advance  of  said  rotary  conical  sprays. 
1,124,409.  ROTARY  FLUID-PRESSURE  MO- 
TOR. Francis  M.  Floyd,  Elkville,  111. 
1,124,460.       AIR-MOTOR.       Gyula     Koesis,     St. 

Clairsville,    Ohio,    and    John    Luko,    Latrobe, 

Pa. 
1,124,505.     PNEUMATIC  -  DESPATCH  -  TUBE 

APPARATUS.      John   T.    Needham,    Bayonne, 

N.   J. 
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1,124.167.     PNEUMATICALLY  -  CONTROLLED 

MULTIPLE  -  SPINDLE         TAPPING         AND 

DRILLING  APPARATUS.     Rae  W.  Phillips, 

Los    Angeles,    Cal. 

1,124,200-1-2.  AIR-BRAKE         APPARATUS. 

Henry  F.  Bickel,  Plainfield,  N.  J. 
l,124,20:i.      SAFETY-VALVE   FOR  AIR-BRAKE 
APPARATUS.  John  W,  Bingley,  Watertown, 
N.  Y. 

JANUARY   12. 
l,124.2r,5.      CONTROL   FOR   PNEUMATIC-DES- 
PATCH  APPARATUS.      Robert   Ball,    Phila- 
delphia, Pa. 
1,124.28.-,.         DEVICE       FOR      WITHDRAWING 
BLOOD  FROM  THE  BODY.  Philip  V.  Brown 
New   York.   N.  Y. 
1,124.304.       PROCESS    OF    PRODUCING    OXY- 
GEN.     Paul    Danckwardt,    near    Dardanelle, 
Ark. 

1.  The  process  of  producing  oxygen,  which  con- 
sists in  hf-ating  a  mixture  containing  alkali  met- 
al manganate  or  substances  that  will  form  this! 
by  heat,  and  one  or  more  other  substances  form- 
ing a  diluf-nt.  until  the  mass  is  fluid,  introduc- 
ing under  prrs.sure  into  this  mass  air  and  steam 
In  such  a  way  that  the  gases  cannot  mingle  with 
each  other,  the  pressure  of  the  gases  being  ma- 
terially greater   than   that   due  to   the   resistance 


Joseph 


1,124,539.       PNEUMATIC     STACKER. 
K.  Sharpe,  Jr.,  Indianapolis,  Ind. 

1,124,573.  COMBINED  VACUUM-CLEANER 
AND  BLOWER.  Ernest  L.  B.  Zimmer,  Oak- 
land, Cal. 

1,124,575.  AIR  CONTROL  AND  SIGHT  AT- 
TACHMENT FOR  VACUUM  -  CLEANER 
TOOLS.     Ernest  L.  B.  Zimmer,  Oakland,  Cal. 

1,124,600-1.  METHOD  OF  RAISING  AND 
PURIFYING  WATER.  William  S.  Frank- 
lin, South  Bethlehem,  Pa. 

The  method  of  purifying  water  consisting  In 
causing  ozonized  air  to  pass  through  and  lift  a 
body  of  water,  the  ozonized  air  being  under  a 
constantly  decreasing  pressure  throughout  the 
entire  time  of  contact. 

1,124,684.  PNEUMATIC  CLEANER.  Georob 
W.  Allen,   Boston,   Mass. 

1,124,830.       SAND   -   RECLAIMER.       Harry    L. 

Allen,  Alliance,  Ohio. 

1.  In  a  sand  reclaimer,  the  combination  of  a 
pair  of  casings  one  within  the  other  in  spaced 
relation,  perforated  deflectors  within  said  Inner 
casing,  said  casing  being  provided  with  a  plu- 
rality of  openings  at  points  beneath  each  of  said 
deflectors,    said    openings    providing    communica- 
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tlon  with  the  spaces  botwecn  said  casings, 
moans  for  partially  o^chausting  the  air  within 
said  casings  and  thereby  removing  dust  from  the 
sand,  and  means  lor  admitting  atmospheric  air 
to   said   inner   casing,   substantially  as  described. 

1.124.871.  FLUID  -  PRESSURE  -  CONTROL- 
LING MECHANISM  FOR  GLASS-DRAWING 
MACHINES.      Charles    Day.   Arnold,    Pa. 

1.124.872.  AIR-VALVE  FOR  GLASS-DRAW- 
ING MACHINES.     Charles  Day,   Arnold,  Pa. 

1,124,886.  PNEUMATICALLY  -  OPERATED 
TEAT-CUP.  Alexander  Gillies,  Heiaelberg, 
and  Harold  Bartram,  Melbourne,  Victoria. 
Australia. 

1,124,979.  VAPORIZING  APPARATUS.  Charles 

Alfred   Waldeck,    Baltimore,    Md. 

1.  In   a   vaporizing  apparatus,   a   rotary   cylin- 
•der,    a    stationary    sleeve,    means    ror    admitting 


],12r>,2ir,.       EMPTY    AND    LOAD    BRAKE    AP- 

PAIiATUS.      Walter    V.    Turnkk,    Edg<  wood. 

Pa. 
1,12r,,:M8.      APPARATUS  FOR  PULSATING  OR 

VARYING      AIR     OR      FLUID      PRESSURE. 

Wn,LiAM     Hkn'uy    Lawrence.    Melbourne,    Vic- 
toria,   Austr.'ilin. 
l.]2.-),413.        PNEUMATIC      APPARATUS       FOR 

TRANSFERRLVG    MATERIAL.       Chester    J. 

Van  Doren,  Cbanut*^'.  Kan.s. 
1.125,480.      MINE-DRILL    SUPPORT.      Howard 

P.   CoRSA,   Bingham   Canyon,  Utah. 
1,125,.'",59.       BLOWPIPE.       Aage    Kofod,    Zurich, 

Switzerland. 
1,12.-),.')9.3.  FLUID       POWER-TRANSMITTER. 

'IHOMAS  D.  W.  PiNCKNEY.  New  York,  N.  Y. 
1,12.1,684-5.         AIR-CIRCULATING         DEVICE. 

Louis  Greenberg  and  Gustaf  Olson,  Chicago. 

111. 
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compressed  air  and  chemicals  to  the  said  sleeve. 
a  hollow  journal  on  one  end  of  the  cylinder  and 
extended  into  the  sleeve,  means  for  providing  a 
water-tight  joint  between  the  sleeve  and  the  hol- 
low journal,  and  means  for  controlling  the  feed 
of  chemicals  to  the  cylinder. 

1,124,997.     VACUUM  OR  SUCTION  SWEEPER. 
Homer  L.  Boyle.  Lansing.  Mich. 

JANUARY   19. 

1,125,118.       COMPOUND    BLOWER.       Charles 

Volney  Kerr,  Wellsville.  N.  Y. 
1,125,135.        LUBRICATING     DEVICE.       Brace 
■  Leland,  Winona.  Minn. 

1.  In  a  device  of  the  character  described,  in 
combination,  a  casing  adapted  to  contain  lubri- 
cating fluid,  a  source  of  compressed  air,  an  out- 
let pipe  leading  f^-om  said  casing,  and  a  filling 
inlet  pipe  surrounding  the  outlet  pipe  and  con- 
nected with  the  compressed  air  supplv. 
1,125,151.         AIR-RETAINING      VALVE       FOR 

AIR-BRAKE      APPARATUS.         Spencer      G. 

Neal,  Los  Angeles,  Cal. 
1,125,214.      BRAKE    -    PIPE    VENT    -    VALVE. 

Walter  V.  Turner  and  Patrick  H.  Donovan, 

Edgewood.  Pa. 


1,125,722.  FLUID   -   PRESSURE        ENGINE. 

James    Dennis    Roots,    London,    England. 

1,125.752.  VACUUM        LIFTING-MACHINE. 

Carlton  L.  Smith,  Saginaw,  Mich. 


1,125,875.       AIR-BRUSH. 
Chicasro.   111. 


Jens     A.     Paasche, 


1,125,897. 
ORES. 
Utah. 


PROCESS     OF     CONCENTRATING 
John    M.    Callow.     Salt    Lake    City. 


1.  The  process  herein  described  of  breaking 
down  and  discharging  the  froth,  foam  or  sud, 
accumulating  on  the  surface  of  an  aerated  and 
agitated  mineral-bearing  pulp  containing  a  froth- 
able  agent  having  a  selective  aflinity  for  metal- 
liferous particles,  said  process  consisting,  essen- 
tially, in  producing  in  a  vessel  open  to  the  at- 
mosphere a  difference  in  pressures  between  ihe 
inside  and  outside  of  the  air  bubbles  forming  the 
froth,  foam  or  sud,  and  conducting  the  fluid  con- 
tents of  the  broken  down  bubbles  and  mineral 
particles   thereof   to  a   receiver. 


1.125,900.       OZONATOR. 
Indianapolis,  Ind. 


Arthur    R.    Darling, 
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JANUARY    26. 

1,125.930.  BARREL-CLEANING  APPARA- 
TUS. Hei.vrich  Wilhelm  Arxemann,  Ham- 
burg,  Gfrmanv. 

1,120.004.  COOLER  FOR  ROTARY  COMPRES- 
SORS. WiLLiBALD  Grun,  Frankfort-on-the- 
Main,   Germany. 

1,126,011.  AIR-HEATER.  Richard  L.  Hub- 
bard. Astoria,   N.   Y. 

1,126.041.  AIR-PUMP  STARTER.  Carl  E.  L. 
LiPMAN,  Beloit,  Wis. 

l,126.0f»6.  PNEUMATIC  HAMMER.  WILLIAM 
r.  Schmidt.  St.  Loui.s,  Mo. 

1,126,130.  BARREL-PITCHING  MACHINE. 
Harry  Torchiani,   Cliicago,   111. 

1,126,233.  VACUUM-GAGE.  Ii?viNG  Langmuir, 
Schf-nfctady,   N.  Y. 


1,120,297.  FLUID  -  PRESSURE  -  OPERATED 
ALARM  DEVICE.  Harry  E.  W.  Sauveur, 
Boxhagen-Berlin,  Germany. 

1,126,300.  CENTRIFUGAL  PUMP,  BLOWER, 
COMPRESSOR,  AND  THE  LIKE.  Emil 
Schneider,  Hamburg,  Germany. 

1,126,371.     PROCESS  OF  PURIFYING  HYDRO- 
GEN GAS.     Carl  Bosch  and  Wilhelm  Wild, 
Ludwigshafen-on-the-Rhinc,    Germany. 
1.  The    process    of    producing    pure    hydrogen 

consisting  in   heating  hydrogen   containing  small 
quantities   of   carbon    monoxid   under  a   pressure- 
exceeding    five    atmospheres    with    a    solution    of 
caustic  alkali. 
1,126,613.      AIR-PUMP.      George    Brandstetter^ 

Hohenstadt,    and    Richard     Freund,     Vienna^ 

Austria- Hungary. 
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AIR   COMPRESSOR  FOR  VACUUM    SERVICE 

AIR  COMPRESSORS  AS  VACUUM  PUWPS 

BY   FRANK   RICHARDS. 


There  are  now  in  established  employment  in 
various  lines  of  manufacture  automatic  and 
Other  machines  which  require  a  considerable 
vacuum  for  their  operation.  There  is  also  ex- 
tensive use  of  high  vacua  in  distillation  and 
evaporation  processes,  such  as  occur  in  the 
manufacture  of  sugar,  glucose,  malt  extracts, 
glue,  etc.,  so  that  there  is  an  established  and 
permanent  demand  for  machines  of  large  ca- 
pacity for  the  removal  of  air  at  pressures  far 
below  the  normal  atmospheric. 

Vacuum  pumps  have  generally  been  regard- 


ed as  more  or  less  special  machines,  and  also 
they  have  usually  been  of  capacities  much  be- 
low the  modern  demands  here  spoken  of.  The 
operation  of  producing  vacua  by  mechanical 
means  is  strictly  an  act  of  air  compression, 
and  it  should  be  legitimate  employment  for 
the  standard  air  compressor. 

Until  we  come  to  a  perfect  vacuum,  which 
is  not  at  all  contemplated  in  the  present  arti- 
cle, the  actual  so-called  vacuum  with  which  we 
are  more  familiar  is  simply  air  at  a  reduced  or 
attenuated  pressure,  and  we  have  only  to  re- 
move some  more  of  this  low  pressure  air  and 
to  expel  and  deliver  it  at  the  actual  pressure  of 
the  surrounding  atmosphere. 
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FIG.    I.      CLEARAN'CE    IX    AIR    COMPRESSION. 


In  practice,  however,  if  we  take  an  ordinary 
air  compressor  for  this  work  we  soon  find  that 
there  are  some  details  of  construction  and  op- 
eration which  are  imperative  for  such  service, 
but  which  are  quite  negligible  for  normal  at- 
mospheric intake  and  high  pressure  delivery. 

In  the  mechanical  compression  of  air,  wheth- 
er the  air  have  a  pressure  measured  by  a  col- 
umn of  mercury  30  in.  high,  ordinary,  sea  lev- 
el atmospheric  pressure,  or  by  only  i  in.  of 
mercury,  which  latter  may  be  said  to  be  near 
the  limit  of  practical  mechanical  air  pumping  in 
large  volume  and  at  a  speed  not  unprofitable ; 
in  either  case  the  cylinder  can  only  be  filled 
by  some  surplus  of  pressure  outside  the  cylin- 
der to  force  the  air  in  to  follow  the  piston,  so 
that  it  is  absolutely  impossible  to  produce  a 
perfect  vacuum  in  this  way. 

It  is  evident  that  if  the  air  while  being  driv- 
en in  by  the  air  behind  it  to  fill  the  cylinder. 
has  also   in   the    act  of   entering  the   cylinder 
some  work  to  do,  such  as  overcoming  the  in- 
erita   of   a   poppet    valve   to   open    it    and   the 
opposition  of  the  spring  which  normally  holds 
the  valve  in  the  closed  position,  this  also  must 
interfere  very  much  with  any  possible  approach 
to   a    perfect    vacuum.      If    instead    of    poppei 
valves,  to  be  opened  by  the  pressure  of  the  en- 
tering air,  there  is  a  mechanically  moved  inlet 
valve  which  is  opened  at  the  beginning  of  the 
intake  and  held  wide  open   for  practically  the 
whole  stroke,  this  must  materially  reduce  the 
requirement    of    pressure    excess    outside    the 
compressor,  and  make  a  more  attenuated  vac- 
uum possible.  It  is  a  fortunate  thing  that  there 
is  a  type  of  compressor  equipped  with   intake 
valves — Corliss  valves — which  satisfy  the  con- 
ditions   above    indicated,    and    it    is    a    natural 
consequence    that    these    compressors — as    will 


appear    later — give    highly    satisfactory    results 
in   vacuum   pumping. 

The  second  essential  condition  required  for 
successful  vacuum  pumping  by  an  air  com- 
pressor is  that  cylinder  clearance  shall  be  as 
small  as  possible.  In  operation  it  is  necessary 
not  only  that  the  air  shall  be  taken  into  the 
cylinder  for  compression  but  also  that  as  much 
of  it  as  possible  shall  be  expelled  after  the 
compression.  Some  clearance  seems  to  be  ab- 
solutely unavoidable,  but  the  air  remaining  in 
the  clearance  space  re-expands  upon  the  re- 
turn stroke,  and  the  new  air  taken  in  for  the 
next  stroke  is  only  the  difference  between  the 
volumn  occupied  by  this  re-expanded  air  and 
the  volumn  -which  would  constitute  a  whole 
cylinderful. 

The  different  effect  of  cylinder  clearance 
when  taking  in  atmospheric  air  or  when  pump- 
ing from  a  high  vacuum  should  be  clearly  un- 
derstood by  comparing  Figs,  i  and  2.  In  Fig. 
I  the  area  ABDC  represents  the  entire  volumn 
of  an  air  cylinder,  including  the  clearance 
EBDF,  this  clearance  Ijeing  5  per  cent  of  the 
entire  volume.  The  compression  is  assumed  to 
be  from  atmospheric  pressure,  15  lbs.  per  sq. 
ill.,  absolute,  to  a  pressure  of  2  atmospheres, 
30  lb.  absolute,  or  15  lb.  gage.  GC  is  the  adia- 
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batic  compression  line,  GBDI  will  be  the  vol- 
ume after  compression  and  GEFI  will  be  the 
volume  delivered,  leaving  the  volume  EBDF 
in  the  clearance  space.  Upon  the  return  of 
the  piston,  EJ  will  be  the  re-expansion  line, 
and  the  volume  of  fresh  air  to  be  taken  in 
for  the  next  stroke  will  be  AKJC,  or  more 
than  90  per  cent. — it  is  not  necessary  to  fig- 
ure minutely — of  the  full  capacity. 

In  Fig.  2  the  cylinder  volume  and  the  clear- 
ance are  the  same  as  before,  but  the  compres- 
sion on  line  G  is  from  an  absolute  pressure  of 
I  lb.  to  atmospheric  pressure,  or  15  lb.  abso- 
lute. Here  EJ  will  be  the  line  of  adiabatic 
re-expansion  for  the  air  in  the  clearance  space 
and  the  area  AKJC,  65  per  cent,  of  the  whok 
volume,  all  which  can  possibly  be  got  into  the 
cylinder  for  the  next  stroke.  In  practice  the 
actual  showing  would  not  be  as  good  as  this 
in  consequence  of  the  inertia  and  friction  of 
the  air,  but  the  effect  of  the  clearance  is  suffi- 
ciently suggested. 

It  should  be  scarcely  worth  while  to  call  at- 
tention to  the  necessity  of  having  tight  valves, 
inlet  and  discharge,  in  a  compressor  for  this 
service.  Also  it  is  to  be  noted  that  when  work- 
ing to  a  high  vacuum  the  ratio  of  compression  is 
very  high,  approaching  an  infinite  value  as  the 
vacuum  produced  comes  near  to  the  local  bar- 
ometer reading,  which  large  ratio  results  in 
high  temperatures  and  in  order  to  attain  a 
reasonable  compression  efficiency,  as  well  as 
to  secure  proper  lubrication,  the  cylinder  of  an 
air  compressor  for  vacuum  pumping  should  be 
thoroughly  water  jacketed. 

Following  this  setting  forth  of  the  compres- 
sor requirements  for  high  vacuum  pumping  I 
take  pleasure  in  presenting  an  interesting  ser- 
ies of  indicator  cards  from  a  compressor  in 
actual  service  upon  a  business  basis,  which 
cards  mostly  tell  their  own   story. 

The  compressor  from  which  these  cards  were 
taken  is  in  constant  service  at  the  plant  of  the 
Diamond  Alkali  Company,  Fair  Port  Harbor, 
Ohio.  It  is  an  Imperial  Type  10  compressor 
of  the  IngersoU-Rand  Company.  The  machine 
is  of  standard  duplex  construction  except  that 
the  vacuum  cylinders  are  of  abnormally  large 
diameter,  27  in.,  and  the  steam  cylinders  14 
in.,  with  a  common  stroke  of  20  in.  It  is  used 
exclusively  for  vacuum  pumping  and  from 
actual  test  is  capable  of  maintaining,  when  ex- 
hausting a  large  receiver,  a  vacuum  within 
0.9  in.  of  barometer.     If  the  intake  had  been 


blanked  off  short  at  the  compressor  the  vac- 
uum produced  would  have  exceeded  this,  as 
minute,  undiscoverable  leaks  are  almost  un- 
avoidable. This  very  complete  series  of  cards 
is  valuable  as  showing  the  work  under  differ- 
ent conditions,  and  especially  the  influence  of 
the  clearance  when  high  vacua  are  reached.  The 
curve  sheets  i,  2  and  3  give  a  comprehensive 
idea  of  the  general  performance  of  the  com- 
pressor at  all  possible  intake  and  discharge 
conditions. 

A  still  more  interesting  installation  is  that 
at  the  plant  of  the  Thatcher  Manufacturing 
Company,  Elmira,  N.  Y.  This  is  an  Imperial 
Type  10,  short  belt  drive  compressor,  having 
duplex  air  cylinders  18  in.  diameter,  14  in. 
stroke,  operating  at  185  r.p.m.  One  cylinder 
takes  in  free  air  and  delivers  it  to  a  receiver  at 
about  20  lb.  gage ;  the  other  cylinder  being 
used  as  a  vacuum  pump,  exhausting  a  receiver 
to  about  19  in.  vacuum  and  discharging  to  the 
atmosphere.  This  combination  of  compressor 
and  vacuum  pump  has  numerous  advantages 
over  the  customary  dual  machine  installation 
in  cases  where  an  air  pressure  as  well  as  a 
vacuum  is  wanted.  This  combination  com- 
pressor and  vacuum  pump  is  used  for  operat- 
ing three  Owens  Bottle  Making  Machines,  the 
vacuum  produced  being  used  to  draw  the  glass 
into  the  molds,  the  pressure  then  blowing  the 
bottles. 

For  all  the  material  embodied  in  this  article, 
and  more  which  space  forbade,  I  am  indebted 
to  Mr.  A.  W.  Deyo,  Painted  Post,  N.  Y.— 
Practical  Engineer. 


The  patent  suit  brought  against  the  B.  F. 
Sturtevant  Company,  Boston,  Mass.,  by  the 
Sirocco  Engineering  Company,  which  has  been 
in  the  courts  for  the  past  six  years,  has  just 
been  decided  by  the  United  States  Circuit 
Court  of  Appeals  for  the  second  circuit,  in 
favor  of  the  Sturtevant  Company.  It  was 
claimed  that  the  Sturtevant  Multivanc  fan  in- 
fringed the  Sirocco  Company's  patents,  and  in 
the  lower  court  this  claim  was  sustained.  The 
Court  of  Appeals,  however,  reversed  the  form- 
er decision  and  held  that  there  was  no  in- 
fringement. This  court  further  decided  that 
the  Sirocco  patents  in  suit  were  void  in  view 
of  the  development  of  the  fan-building  art 
prior  to  the  alleged  inventions  upon  which 
those  patents  were  based. 
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MINE  SHAFT  SINKING  IN  TOUGH,  HARD 
ROCK 

The  following  relating  to  hard  rock  shaft 
sinking  in  the  Ducktown,  Tennessee,  copper 
basin  is  from  a  paper  of  Wm,  Y.  Westervell 
before  the  American  Association  for  the  Ad- 
vancement of   Science. 

No  water  difficulties  being  encountered, 
sinking  would  have  presented  no  peculiar 
problems  had  it  not  been  for  the  fact  that  the 
rocks  of  the  district  (the  ancient  graywackes 
and  mica  schists  of  probable  Cambrian  age) 
were  so  extremely  hard  and  tough  that  shaft 
sinking  in  them  could  ordinarily  be  carried  on 
only  at  a  very  slow  rate  of  progress,  while  the 
necessity  for  rapid  exploitation  of  the  newly 
discovered  ore  made  imperative  the  comple- 
tion of  the  shaft  at  the  earliest  possible  mo- 
ment. The  difficulty  with  the  rocks  was  not 
only  their  extreme  hardness  due  to  silicification 
and  pressure,  so  that  holes  could  be  drilled  in 
them  but  slowly,  but  that  they  were  equally 
tough  and  resistant  to  blasting  because  of 
micaceous  and  horn-blendic  crystallization. 
The  result  was  that  an  excessive  number  of 
but  slowly  drillable  holes  were  required  to 
effect  even  a  moderate  cut  and  an  average  rate 
of  progress  of  25-ft.  per  month  of  actual  sink- 
ing time  was  until  recently  all  that  could  be 
counted  upon. 

WORKING    FROM    FIVE    LEVELS. 

Fortunately  five  levels,  the  lowest  some  600 
ft.  beneath  the  surface,  were  accessible  in  the 
main  mine  so  that  by  drifting  out  to  the  shaft 
location  at  each  of  these  levels  it  was  possible 
to  upraise  on  the  line  of  the  shaft  at  five  un- 
derground points  at  the  same  time  that  the 
sinking  from  the  surface  was  progressing.  B\ 
this  expedient  the  shaft  was  actually  com- 
pleted and  in  operation  to  the  seventh  level, 
a  depth  of  629  ft.  beneath  the  shaft  collar,  in 
the  13  months'  time  betvyeen  September,  1900, 
and  October,  1910 — a  monthly  average  of  over 
40   ft.   all   inclusive. 

No  workings  existing  below  the  seventh 
level,  further  sinking  had  to  be  confined  to 
work  in  the  bottom  of  the  shaft.  Conse- 
quently, though  every  facility  then  available 
was  employed,  the  13  months  between  October, 
1910.  and  November.  1911,  were  consumed  in 
sinking  the  216  ft.  (from  the  bottom  of  the 
sump  previously  left  15  ft.  deep  below  the 
seventh  level,  to  the  bottom  of  a  sump  made 
31   ft.  below  the  ninth  leveH   and  in  equipping 


the  shaft   for  operation  to  the  lower  level — a 
monthly   average   of   less   than    17    ft. 

CHANGE    OF    DRILLS. 

During  the  pa  ,t  summer,  sinking  below  the 
ninth  level  was  resumed  with  much  improved 
facilities.  The  principal  improvement  was  the 
substitution  of  Jackhamer  drills  for  the  3-in. 
reciprocating  compressed-air  drills  previously 
used.  Between  Aug.  22  and  Nov.  7  (when 
sinking  was  discontinued  for  station  cutting 
at  the  tenth  level),  the  shaft  was  sunk  120  ft., 
from  a  depth  of  31  ft.  to  151  ft.  below  the 
ninth  level,  or  at  a  rate  of  nearly  50  ft.  a 
month  and  about  double  the  previous  best 
record  for  progress  during  actual  time  of  sink- 
ing. It  is  planned  to  continue  the  sinking  of 
the  shaft  to  a  total  depth  of  nearly  1,200  ft. 
beneath  the  surface,  to  break  off  an  eleventh 
level  300  ft.  beneath  the  ninth  level  and  to 
leave  some  40  ft.  in  the  bottom  for  a  sump 
in  which  sinking  can  be  conveniently  resumed 
whenever  desired.  The  sinking,  the  breaking 
off  of  stations  at  the  tenth  and  eleventh  levels, 
the  timbering  and  the  installation  of  regular 
hoisting  facilities  to  the  eleventh  level  will  all 
be  completed,  it  is  hoped,  early  in  July,  1915. 
Should  this  be  accomplished  but  eleven  months 
will  have  been  required  to  sink  and  equip  over 
300  ft.  of  shaft  and  a  rate  of  nearly  30  ft.  per. 
month,  as  compared  with  the  previous  17  ft. 
per  month,  all  inclusive,  will  have  been  at- 
tained. 

The  sinking  and  reaming  from  the  surface 
to  the  ninth  level  was  done  with  four  3-in. 
reciprocating  compressed-air  drills  mounted 
on  two  shaft  bars.  These  machines  were 
used  to  drill  holes  from  5  to  7  ft.  deep  and 
made  about  5-ft.  advance  per  cut.  The  present 
sinking  below  the  ninth  level  is  being  done  by 
six  Jackhamers  drilling  holes  from  2  to  4  ft. 
deep  and  making  about  2-ft.  advance  per  cut. 
The  principal  advantage  in  the  use  of  the 
Tackhamers.  as  already  indicated,  is  the  much 
Greater  speed  attainable.  Minor  advantages 
however  are  found  in  a  much  smoother  finish- 
ed and  more  easily  aligned  shaft,  and  in  less 
violent  blasts  which  occasion  correspondingly 
less  damage  to  the  timber  of  the  overhead 
protecting  pentice  and  leave  the  shaft  walls 
more  solid. 

The  first  8  ft.  below  the  shaft  collar  was 
tilled  ground.  The  next  63  ft.  was  reaming 
woric  about  a  small  prospect  shaft.  The  next 
09   ft.   was  unassisted  sinking  largely  in   hard 
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rock.  Reaming  about  upraises  then  carried 
the  work  down  to  the  seventh  level.  The  re- 
maining 200  ft.  from  the  seventh  to  the  ninth 
level  was  unassisted  sinking,  as  is  the  sink- 
ing now  in  progress  from  the  ninth  to  the 
elc^  cnth  level. 

For  the  determination  of  the  location  of  the 
upr.aisps  from  the  various  levels,  a  traverse 
over  2,000  ft.  long  from  the  shaft  collar  into 
the  old  mine  and  out  to  the  shaft  at  each 
level  was  required.  In  order  to  avoid  the  pos- 
sibility of  any  serious  error  in  so  vital  a  mat- 
ter, seven  complete  traverses  were  made  and 
checked  with  each  other  to  within  a  few  inches. 
The  upraises  on  the  center  line  of  the  shaft 
were  made  about  5  ft.  in  diameter  so  that 
several  feet  of  error  in  location  might  have 
been  made  and  the  upraise  still  have  been 
contained  within  the  7x14  ft.  area  of  the  shaft's 
cross  section.  As  the  contour  of  the  surface 
made  it  advisable  to  elevate  the  shaft  collar 
8  ft.  above  the  natural  level,  the  ordinary  mine 
timbering  in  the  near  surface  soft  ground  was 
continued  up  above  the  surface  for  some  20-ft. 
and  made  to  serve  as  a  head  frame  to  support 
the  sinking  hoist  sheave.  The  latter  was  a 
Bacon  winze  hoist  operated  by  compressed  air 
and  served  to  hoist  to  the  surface  the  rock 
excavated  down  the  first  170-ft.  Below  this 
depth  the  first  upraise  delivered  the  rock  to 
the  level  beneath  and  so  out  through  the  old 
mine.  This  sinking  hoist  also  handled  all 
supplies  for  timbering  down  to  the  seventh 
level. 

Frame  timbering  of  12x14  in.  sets  covered 
hy  2-in.  lagging  was  used  only  to  the  solid 
rock  84-ft.  beneath  the  shaft  collar.  In  the 
*olid  rock  8x10  in.  dividing  timbers,  set  in 
liitches  and  dividing  the  shaft  into  two  hoist 
:and  men  and  pipeway  compartments,  were  all 
-that  was  required  in  addition  to  the  usual 
•complement  of  cage  guides,  manway  plat- 
forms, battice  between  hoist  and  manway 
•compartments,  ladders,  etc. 

All  work  has  been  carried  on  in  two  shifts 
per  diem  of  9^  hours  each.  During  the  sink- 
ing from  the  surface  to  the  seventh  level  a 
'bolster  and  a  lander  were  kept  on  top  and 
-eight  men  on  the  sinking  or  reaming  work  in 
the  bottom.  The  upraises  were  made  with 
•two  telescope  feed-hammer  drills  in  each  up- 
•raisc,  operated  by  two  men  and  a  steel  boy 
.per  shift,  and  the  usual  complement  of  tram- 
imers  to  remove  the  broken  rock. 

The  sinkine   from   the   seventh   to  the   TMPtb 


level  was  done  from  the  seventh  level  by  the 
use  of  a  hoist  placed  at  the  latter.  The  1,000- 
Ib.  capacity  steel  buckets  were  dumped  into  a 
chute  (after  closing  a  trap  over  the  hoistway 
beneath)  and  thence  directly  into  the  tram 
cars  which  were  themselves  discharged  into 
the  regular  skips  which  hoisted  to  the  surface, 
1  he  men  working  in  the  bottom  of  the  shaft 
were  protected  from  the  fall  of  either  a  main 
hoisting  skip  or  a  part  of  its  contents,  by  a 
pentice  placed  across  the  shaft  under  the  two 
hoistways.  This  pentice  consisted  of  closely 
set  I2xi4-in.  timbers  hitched  into  the  rock, 
covered  by  4-in.  lagging  and  loaded  from  12 
to  15  ft.  deep  with  waste  rock.  Similar  ar- 
rangements are  now  installed  at  the  ninth  level 
in  connection  with  the  sinking  to  the  eleventh 
level  and  in  order  to  avoid  any  interference 
with  the  regular  tramming  at  and  the  hoisting 
from  the  ninth  level,  the  hoistway  and  chute 
for  the  sinking  work  is  confined  to  the  manway 
compartment  of  the  shaft. 

The  entire  shaft  work  has  been  in  the  im- 
mediate charge  of  our  Mine  Captain  A,  Ben- 
nett while  the  surveys  were  made  and  the  de- 
tails of  the  engineering  features  were  worked 
out  by  Resident  Engineer  J.  H.  Taylor. 

The  determination  of  costs  per  unit  on  the 
sinking  work  now  in  progress  below  the  ninth 
level  awaits  the  completion  of  this  work  but 
it  is  evident  from  the  weekly  reports  that  a 
marked  reduction  in  cost  as  well  as  in  time 
is  now  being  made  as  compared  to  the  sink- 
mg  between  the  seventh  and  ninth  levels.  Costs 
down  to  the  ninth  level  are  submitted  below. 
They  include  all  outlay  up  to  and  including 
that  for  mine  captain  and  resident  engineer 
whose  salaries  were  included  in  proportion  to^ 

GORDON    SHAFT   COSTS— FIRST    860   FT,    OP 
DEPTH. 

Preparation     of    ground     and 

temporary    structure $      760.03 

Piping    5.005.48 

Head   frame    2.245.01 

Hoisting   plant   20.607.70 

General     equipment     cost     of 

shaft    860    ft.    deep    (largely 

sufficient     for     shaft     when  Per  ft. 

sunk  to  depth  of  2.700  ft. ) .  .$2S.618.22     $      33,28 

Sinking.   338    ft 17. G91.il            52.88 

Upraising.    412    ft 6.S77.40            16.67 

Reaming.    475    ft 12.905.86            27.18 

Station  cutting  at  9  levels...  15,495.57  •1.721.73 
Cutting   hitches   In   774    ft.   of 

shaft     3.285.76              4,24 

Timbering.   860  ft.  of  shaft..,  9.645.71            11.18 


Total  cost  of  8r,0-ft.  shaft 
(including  general  equip- 
ment largely  sufficient  for 
shaft    when    sunk    to   depth 

of   2.700   tt.) $94,519.63        $109.90 

•Per  level. 
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the  amount  of  their  time  required  on  tlic 
shaft  work.  The  working  is  known  as  the 
Gordon  Shaft  after  tiie  ciiairman  and  tech- 
nical  managing  director   of  the  company. 


THE  HYDRAULIC  MINING  CARTRIDGE 

One  of  the  most  important  of  all  the  em- 
ployments of  compressed  air  is  the  driving  ot 
rock  drills  for  mining  and  other  rock  rend- 
ing purposes,  so  that  incidentally  we  cannot 
fail  to  be  interested  in  the  explosives  which 
are  generally  employed  to  complete  the  work. 
of  the  drills.  There  is  no  reason,  therefore, 
why  we  should  not  be  equally  interested  in 
any  substitutes  for  the  high  explosives,  so 
far  as  they  can  demonstrate  their  practical 
efficiency.  We  accordingly  take  pleasure  in 
presenting  an  account  of  a  hydraulic  mining 
cartridge  which  is  said  to  be  actually  accomp- 
lishing results  of  value  where  it  is  being  appli- 
ed. What  follows  is  chiefly  an  abstract  of  a 
paper  by  James  Tonge  in  the  Journal  of  the 
British  Society  of  Engineers. 

In  the  introductory  portion  of  the  papei 
some  of  the  objectionable  features  of  the  high 
explosives  are  referred  to,  especially  the  diffi- 
culty of  definitely  controlling  and  directing 
the  effects  produced.  It  is  for  the  purpose  of 
avoiding  these  drawbacks  and  in  order  especial- 
ly to  take  greater  advantage  of  natural  lines 
of  cleavage  or  of  bedding  in  the  material  to 
be  dislodged  that  efforts  have  from  time  to 
time  been  made  to  provide  what  may  be  term- 
ed more  rational  or  scientific  means  in  the 
shape   of   mechanical   substitutes   for   blasting. 

The  simplest  form  of  mechanical  means  for 
breaking  ground  is,  of  course,  the  wedge,  and 
this  is  used  in  varying  lengths  and  shapes,  in 
metalliferous  and  in  coal  mining,  in  all  parts 
of  the  world.  Various  improvements  on  the 
simple  wedge  have  been  used  at  various  times, 
viz.,  the  stub  and  feather  and  the  multiple 
wedge.  The  former  consists  of  a  steel  "stub" 
or  wedge  driven  in  between  two  tapered  lines 
of  steel  called  "feathers"  which  have  their  thin 
end  near  the  front  of  the  hole.  The  multiple 
wedge  is  placed  in  a  hole  previously  drilled 
and  has  liners  also,  but  a  pair  of  "feathers" 
may  be  inserted  between  them,  driven  up  as 
far  as  possible,  and  then  a  second  or  a  third 
"feather"  may  be  used  until  the  rock  or  coal 
is  broken  down.  In  coal  mines,  special  efforts 
have  been  made  to  devise  mechanical  wedges 
capable  of  breaking  down  coal,  and  these  have 
been  used  to  a  greater  or  less  extent  in  a  few 


FIG.     I.       HYDRAULIC    CARTRIDGE    APPARATUS. 

mines.  In  some  of  these  the  wedge  was  driven 
in  by  means  ot  a  screw  and  handle,  like  a 
hand  drilling  machine,  and  in  one  case  by 
hydraulic   power. 

These  machines  are  not  now  in  use  and  it 
may  be  taken  that  they  have  proved  to  be  im- 
practicable. This  is  no  doubt  due  to  the  great 
pressure  put  upon  them,  even  under  favorable 
conditions,  and  the  difficulty  of  devising  and 
supplying  a  hydraulic  pump  capable  of  work- 
ing at  high  pressure  for  a  considerable  time. 
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It  must  also  be  remembered  that  a  mechanical 
■wedge  must  perform  more  work  than  that  re- 
quired to  wrest  the  rock  or  coal  from  its 
position,  as  a  certain  amount  of  power  is  con- 
sumed in  overcoming  the  friction  of  the  sides 
of  the  wedge  as  it  is  driven  up.  Again,  it  is 
a  disadvantage  to  have  the  material  at  the 
front  of  the  hole  breaking  away  as  the  wedge 
enters — the  full  weight  of  the  falling  material 
should,  if  possible,  be  utilized  to  assist  the 
operation.  With  this  object  in  view,  machines 
have  been  designed  to  operate  at  the  back  of 
the  hole  first,  the  wedge  being  drawn  outwards 
and  not  driven  from  the  front.  Except  in  the 
case  of  the  simpler  forms  it  may  be  said  that 
no  mechanical  wedges  are  now  being  used  with 
success  for  excavating  purposes  of  any  kind. 

THE   HYDRAULIC   MINING   CARTRIDGE. 

The  hydraulic  mining  cartridge  (which  in- 
cidentally calls  for  an  extension  of  the  diction- 
ary definition)  differs  from  all  other  me- 
chanical substitutes  for  blasting.  It  is  not 
worked  on  the  principle  of  the  wedge,  and  con- 
sequently the  power  expended  in  forcing  a 
wedge  into  the  hole  is  saved.  Instead  of  em- 
ploying a  wedge,  the  disrupting  eflFect  is  ob- 
tained by  means  of  a  number  of  small  rams 
or  presses  working  at  right  angles  from  a 
strong  cylinder  of  steel.  (Fig.  i.)  In  order  to 
make  these  rams  more  effective  in  their  opera- 
tion, by  obtaining  a  greater  travel  from  their 
original  position,  they  are  made  of  a  duplex 
or  telescopic  form,  one  part-  sliding  and  fitting 
upon  the  other  (sec.  A).  In  some  cartridges 
these  pistons  operate  from  each  side  of  the 
cylinder  alternately,  thus  greatly  increasing 
the  travel.  To  retain  the  rams  in  position,  a 
sliding  plate  is  used  fitting  in  grooves  in  the 
barrel  (b  Fig.  i)  ;  this  is  so  formed  and  se- 
cured that  it  is  perfectly  rigid  and  firm  when 
the  machine  is  in  operation,  but  is  readily  re- 
movable if  it  is  desired  to  detach  or  replace 
any  of  the  rams.  By  a  suitable  arrangement 
of  passages  (c  Fig.  i)  a  communication  is 
made  between  each  of  the  rams,  whereby 
simultaneous  action  is  obtained.  Machines 
are  made  of  various  diameters,  viz.,  2^2  inches, 
3^  inches,  and  4  inches,  and  of  various 
length?,  say  with  8,  6  or  5  rams,  the  smaller 
diameters  having  the  larger  number  of  rams. 
Pressures  of  3,  4  or  5  tons  per  square  inch 
are  usual,  so  that  machines  are  made  to  with- 
stand great   stresses. 

The  cartridge  is  operated  by  means  of  a 
pump    (Fig.    i)    to   which    it   is   directly   con- 


nected by  a  pipe  (d).  The  pump  is  of  special 
design.  At  the  commencement  of  the  supply 
of  water  it  is  desirable  that  the  latter  should 
be  supplied  in  such  quantities  as  to  fill  up 
quickly  all  the  spaces  within  the  rams  and 
passages,  while  at  the  same  time  allowing  the 
operator,  when  the  rams  begin  to  move  and 
the  pressure  to  increase,  to  supply  a  less  quan- 
tity of  water,  but  at  a  greater  pressure,  to  com- 
plete the  final  operation  of  the  rams.  This  is 
done  by  having  the  piston  (e)  operated  by  the 
piston  rod  (f)  which  passes  through  a  sup- 
plementary or  hollow  rod  (g)  and  has  an  ap- 
propriate handle  for  operating  the  piston  with- 
in the  pump  cylinder.  By  these  means  the 
piston  may  be  quickly  reciprocated  by  the  user 
,  moving  the  small  handle  until  the  desired 
quantity  of  water  has  been  supplied  or  until 
the  pressure  to  be  exerted  over  the  rod  (/) 
is  beyond  the  power  of  the  user,  when  the  sup- 
plementary rod  (g)  may  be  brought  into  use 
to  finish  the  operation,  this  advancing  by 
screw  motion,  and  great  pressure  being  ob- 
tainable in  this  way. 

METHOD    OF    OPERATING. 

After  the  rock  or  coal  has  been  prepared 
with  one  or  more  loose  sides  and  the  drill  hole 
of  3  inches,  3^'2  inches,  or  4^  inches,  has 
been  drilled  to  a  suitable  depth  (say  three 
or  more  feet),  the  cartridge  is  pushed  in  with 
liners  if  necessary.  The  water  tank  is  filled 
and  hung  on  the  pipe,  the  rubber  suction  pipe 
coupled,  and  the  taps  turned.  The  small 
handle  and  then  the  large  one  are  operated 
as  already  described.  The  pressure  being  ful- 
ly on,  the  enormous  power  of  the  apparatus 
is  soon  apparent,  for  the  rock  or  coal  is 
heard  to  be  rumbling  and  cracking.  This  is 
allowed  to  continue  until  the  breaks  are  of  such 
a  size  that  the  mass  can  be  pushed  or  pulled 
over  and  usually  is  in  such  condition  as  to  be 
easily  and   safely  handled. 

It  is  easy  to  understand  that  when  a  shot 
is  fired  in  rock  or  concrete,  the  direction  of 
the  breakage  will  be  chiefly  in  the  line  of  the 
weakest  part.  If  the  material  is  of  uniform 
strength  this  direction  would  be  a  straight  line 
from  the  explosive  to  the  nearest  unsupported 
edge.  But  stratified  beds,  seams  of  coal,  and 
walls  of  stone  or  brick,  are  not  usually  of 
uniform  strength ;  rock  and  coal  beds  con- 
tain breaks,  cleats,  and  faces,  while  concrete 
beds  are  invariably  irregular  in  constitution 
or  structure.  It  follows,  therefore,  that  the 
line  of   least   resistance   is   not   necessarily  the 
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shortest  line  from  the  charge  to  the  surface. 
The  difficulty  and  danger  of  explosive  firing 
is  that  whatever  this  line  may  be,  it  is  not 
often  possible  to  make  use  of  it;  the  pressure 
generated,  though  not  equally  effective,  is 
equally  applied  in  all  directions  owing  to  the 
instantaneous  character  of  the  decomposition. 
This    involves    high    temperature    in    the    ex- 


FIG.  2.      PLACING  A  CARTRIDGE. 

plosive  gases,  a  large  portion  of  the  heat  being 
absorbed  and  wasted  in  the  portions  which  are 
not  capable  of  being  blown  down.  When  me- 
chanical means  are  employed  the  time  involved 
in  the  operation  .allows  the  whole  of  the  power 
to  be  exerted  and  applied  in  the  desired  direc- 
tion without  waste  of  heat  energy.  Not  only 
is  power  lost  in  heat  energy  in  the  case  of  ex- 
plosive compounds,  but  the  result  often  proves 
that  there  has  been  counter  action  whereby 
the  rock  displacement  is  reduced  through  one 
line  of  force  operating  against  another,  clos- 
ing in  or  reducing  the  area  of  broken  ground. 
In  practice  it  is  found  possible  so  to  arrange 
the  hydraulic  cartridge  holes  as  to  enable 
much  greater  areas  of  material  to  be  moved 
than  could  be  done  with  a  safe  quantity  of  ex- 
plosive, while  in  some  cases  the  displacement 
has  been  greatly  extended  by  the  use  of  small- 
sized  bore  holes  toward  which  the  -slowly  de- 
veloping line  of  least  resistance  can  assert  it- 
self. In  other  words  the  power  exerted  by  the 
rams  can  be  controlled,  after  a  little  experi- 
ence, so  that  the  full  pressure  can  be  usefully 
applied. 

USE    IN     MINES. 

The  appliance  was  originally  introduced  into 
mines  in  order  to  supply  the  acknowledged 
need  of  a  different  method  for  bringing  dowii 
coal  in  mines  in  the  best  possible  condition 
after  it  had  been  undercut  by  hand  or  machine. 
The  use  of  high   explosives  for  this  purpose, 


apart  from  the  element  of  danger,  has  always 
been  considered  undesirable  by  mining  experts, 
because  in  using  them  coal  is  shattered  and 
wasted  and  dust  made.  Now  that  coal  has  to 
be  won  from  greater  depth  than  formerly,  and 
the  distances  and  areas  underground  increase, 
the  dangers  and  extent  of  explosion  have 
proportionately  increased,  as  many  recent  col- 
liery disasters  have  shown.  The  mines  in 
.vhich  the  cartridge  has  been  chiefly  adopted 
may  be  divided  into  two  classes : 

(a)  Where  the  coal  is  so  friable  as  to  ren- 
der the  use  of  explosives  impossible  for  com- 
mercial reasons. 

(b)  Where  the  condition  of  the  mines  in 
regard  to  gas,  etc.,  renders  shot  firing  an  ex- 
ceedingly dangerous  proceeding. 

Of  course  the  question  of  cost  enters  very 
'argely  into  the  matter.  As  is  usually  the 
case  when  a  new  appliance  is  introduced,  its 
qualities  are  quickly  estimated  from  the  effects 
upon  the  working  expenses.  At  a  later  stage 
it  will  be  seen  that  its  effect  upon  the  work- 
ing cost  is  slight,  while  its  general  advan- 
tageous effect  upon  the  selling  price  of  the 
coal  is  quite  striking.  During  the  past  ten 
years  the  appliance  has  been  employed  in 
mines  in  Great  Britain,  the  United  States, 
Russia,  Japan,   Germany  and  Austria. 

In  removing  coal  a  series  of  holes  is  drilled 
in  the  top  of  the  seam,  adjoining  and  running 


p9*wJ 

ta^     ^J 

ii 

:1  ■■H^i^^^ 

IHW^v^^--^ 

li'?*^S^;-' 

^"   .v-. 

FIG.    3.      EFFECT   OF   CARTRIDGE. 

parallel  with  the  roof.  These  holes  are  at 
intervals  determined  by  working  conditions, 
usually  from  6  feet  to  10  feet  apart  and  from 
3  feet  to  5  feet  deep.  The  operator  begins 
at  the  first  hole  and  pumps  off  each  in  suc- 
cession, usually  leaving  the  supporting  sprags 
to  be  removed  by  the  collier,  who  fills  the 
coal  thus  broken  and  prepares  the  coal  behind 
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for  a  repetition  of  this  process.  One  operator 
can  pump  from  30  to  40  shots  per  working 
shift  of  eight  hours,  using  only  one  machine, 
which  lasts  with  repairs  from  three  to  four 
years.  This  procedure  is  adopted  where  a 
large  wall  of  coal  has  been  opened  out,  and 
where  the  coal  is  got  in  pillars  and  headings 
the  process  is  somewhat  modified.  The  coal 
across  the  face  of  the  heading  is  undercut 
(almost  universally  now  by  a  percussive  ma- 
chine operating  from  a  fixed  standard)  and  a 
vertical  slot  or  "shearing"  is  cut  up  the  center 
of  the  coal,  thus  providing  a  loose  end.  One 
hole  on  each  side  of  the  "shear"  is  then 
sufficient  to  bring  down  the  coal.  The  holes 
are  placed  as  near  as  practicable  to  the  fast 
side  in  order  to  bring  the  coal  down  as  near 
the  "fast-corner"  as  possible.  (Figs.  2  and 
3  show  the  cartridge  in  use  in  mines). 

Among  the  mines  in  which  these  machines 
are  at  present  in  use  are  the  following: 

Colliery  No.  i. — At  this  colliery  an  average 
of  over  1,000  explosive  shots  per  week  were 
formerly   fired   in   coal   in   the   various   mines. 
By  the  introduction  of  the  hydraulic  cartridge 
the   whole  of  the   explosive   shots  have  been 
discarded  and  there  is  not  now  a  single  shot  in 
coal  in  any  seam.     In  one  seam  alone  a  total 
of    28,500    hydraulic    cartridge    thrusts    were 
made  in  one  year,  by  which  it  is  estimated  thai 
92,626  tons  of  coal   were  produced,  or  aboui 
3%   tons   per  thrust.     The   seam   was   3   feet 
thick  and   four  cartridges   were  in   daily  use. 
Colliery   No.   2. — In   a   seam   using   five  hy- 
draulic  cartridges   450   tons   of   coal   are   pro- 
duced per  day,  of  which  75  per  cent,  is  large 
coal  and  25  per  cent,  small.    When  the  coal  in 
this  seam  was  brought  down  by  explosives  the 
percentage  of  large  coal  was  65  per  cent,  and 
the    percentage    of   small   35    per   cent.      The 
average  price  of  large  coal  was   13s.,   and  of 
small   coal   7s.   per   ton.     The  profit   obtained 
by  the  use  of  the  cartridges  on  this  seam  on 
450  tons  is  therefore  £14  5s.  per  day.     Fifteen 
machines  are  employed  at  this  colliery,  making 
a  total  advantage  over  explosives  of  £42  15s. 
per   day.     Moreover,   an  extra  6d.  per  ton   is 
obtained  for  the  coal  brought  down  with  hy- 
draulic  cartridges,    on    account   of   its   greater 
hardness  and  freedom  from  dust. 

UNDER    WATER. 

The  appliance  has  been  used  in  many  cases 
under  water,  chiefly  to  remove  rock,  either 
from  the  sides  of  canals,  or  from  the  sides  of 
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harbors  and  docks,  where  it  was  obviously  im- 
possible to  use  explosives,  the  machine  being 
operated  from  the  bank  or  from  pontoons.  A 
typical  case  will  serve  to  illustrate  the  suita- 
bility of  the  cartridge  for  this  class  of  work. 
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The  rock  to  be  removed  was  partly  projecting 
from  the  side  of  the  canal,  and  it  was  neces- 
sary not  only  to  remove  the  mass  in  the  wa- 
ter, but  also  that  upon  the  bank,  as  shown 
in  Fig.  4. 

The  rock  was  New  Red  Sandsone  and  the 
depth  to  the  bottom  of  the  canal  18  feet.  It 
was  decided  to  remove  the  mass  the  full  depth 
at  one  operation.  A  series  of  holes  was  accord- 
ingly drilled  6  feet  apart,  2  feet  4  inches  back 
from  the  edge,  and  18  feet  deep.  These  were 
pumped  off  in  succession  and  the  operation  of 
the  cartridge  at  this  depth  sufficed  to  break 
the  rock  right  up  to  the  bank  in  nearly  every 
case.  In  one  or  two  holes  it  was  found  neces- 
sary after  operating  in  the  bottom  half  to 
draw  the  machine  up  about  9  feet  and  operate 
again.  During  the  operation  divers  were  below 
water  ascertaining  the  position  and  extent  of 
the  breaks  and  directing  the  operator  above 
as  to  how  to  continue  the  thrusts.  The  portion 
shaded  (Fig.  4)  was  removed  by  hand,  and 
another  series  of  holes  was  put  down  10  feet 
deep,  6  feet  apart,  and  2  feet  4  inches  from 
the  edge,  to  break  up  that  portion  of  the  rock 
to  be  removed. 

In  the  Alexandra  Docks  at  Newport,  and  in 
the  new  dock  at  Swansea,  the  appliance  has 
been  used  to  break  up  ledges  of  rock  occur- 
ring in  the  vicinity  of  walls  which  would  have 
been  damaged  by  the  use  of  explosives.  The 
holes  were  put  in  and  the  cartridges  inserted 
under  water  by  divers  and  pressure  was  ap- 
plied from  the  pump  placed  on  a  raft  on  the 
water. 

Hydraulic  machines  have  been  used  for  some 
years  at  the  Dover  Harbor  Works  for  the 
purpose  of  detaching  the  large  concrete  blocks 
used  in  the  harbor  walls.  These  blocks  are 
of  great  size  and  weight.  By  inserting  the 
drill  hole  along  the  bottom  of  the  block  and 
placing  the  cartridge  about  half-way  under  it, 
the  whole  mass  is  slightly  lifted  and  tilted  with- 
out breaking,  and  being  thus  released  from  its 
bed  is  easily  lifted  on  to  a  wagon  by  a  crane. 
Machines  are  being  used  for  a  similar  purpose 
in  other  docks. 


Colorado  Fuel  &  Iron  Co.  has  appointed  a 
welfare  commissioner,  whose  duty  will  be  to 
hear  grievances  and  to  act  as  intermediary 
between  the  company  and  its  employees. 


THE  JACKHAMtR    IN  MICHIGAN  COPPER 
MINES 

A  "Jsckhamcr"  drill  with  an  improved 
mounting  is  being  introduced  in  Michigan  cop 
per  mines  with  considerable  success.  The 
Quincy  about  2  or  3  years  back  mounted  the 
Jackhamers  in  shells  of  their  own  construc- 
tion, and  some  of  the  other  mines  are  using 
them  in  shells  designed  and  furnished  by  the 
builders.  The  Jackhamer  p-art  can  be  very 
readily  removed  from  the  saddle,  by  unscrew- 
ing two  bolts,  and  then  can  be  employed  for 
any  of  the  uses  of  an  ordinary  unmounted 
Jackhamer,  being  especially  handy  if  desired 
for  block  holing.  The  Jackhamer,  besides 
being  able  to  travel  the  usual  distance  ol 
23  ins.  by  means  of  the  feed  screw,  can  move 
an  additional  distance  of  19^  ins.  by  loosen- 
ing a  clamp  in  the  top  of  the  cone  and  sliding 
the  shell  to  the  desired  setting.  This  ad- 
ditional travel  is  advantageous  where  the  char- 
acter of  the  ground  is  such  that  it  will  per- 
mit the  use  of  long  changes  of  steel.  It  also 
enables  the  use  of  only  two  steels  for  an  8-ft. 
hole,  which  makes  some  saving  in  time  and 
a  gain  in  convenience. 

As  the  Jackhamer  may  now  be  obtained  with 
a  water  attachment,  this  mounting  really  com- 
bines all  the  advantages  of  the  Jackhamer  and 
the  "Baby  Leyner,"  a  reduced  form  of  the 
Leyner-Ingersoll  weighing  90  lbs.,  as  it  can 
be  operated  for  all  the  uses  of  the  latter.  It 
weighs  about  10  lbs.  more  (103  lbs.)  than  the 
"Baby,"  but  there  is  some  gain  in  stability. 
The  drill  detached  is  increased  in  weight  S 
lbs.  more  than  the  usual  form  by  the  addition 
of  the  water  attachment.  It  has  been  received 
with  great  favor  at  the  Quincy  by  General 
Manager  Lawton,  on  whose  suggestion  the 
"Baby  Leyner"  was  designed,  and  is  being 
tried  out,  apparently  favorably,  at  some  of  the 
other  mines. 

For  over  30  years  the  two-man  Ingersoll- 
Rand  held  the  stage  here,  and  as  late  as  four 
years  ago  hardly  any  other  drill  was  used. 
Then  came  the  "Butterfly,"  so  named  on  ac- 
count of  the  butterfly  valve,  which  is  capable 
of  extremely  rapid  action,  thereby  giving  more 
speed  in  the  drilling.  The  first  of  the  single- 
man  drills  was  brought  in  by  Superintendent 
Ocha  Potter,  and  was  given  a  most  successful 
test  by  him  at  the  Superior.  This  was  rapidly 
coming  into  general  use  when,  as  the  result  of 
tests   of  all   drills   on   the  market   at   No.    15 
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shaft  on  the  Osceola  amygdaloid,  the  Inger- 
soll-Rand  Co.,  after  conference  with  General 
Manager  MacNaughton,  purchased  the  Leyner 
patents,  combined  the  hollow  piston  for  the 
water  and  the  hammer  principle  of  the  Leyner 
drill  with  the  Butterfly  valve  and  adopted  the 
single-man  size  and  weight,  producing  the  ma- 
chine known  as  the  Leyner-Ingersoll  drill  No. 
i8.  This  type,  weighing  about  150  lbs.,  is 
used  in  about  all  of  the  mines  in  the  district, 
except  where  some  special  pattern  is  demanded 
by  the  character  or  width  of  the  lode.  The 
"Butterflys"  are  disappearing  as  fast  as  they 
are  worn  out.  The  lighter  types  are  preferred 
at  the  Quincy,  the  mounted  Jackhamer,  the 
"Baby  Leyner,"  and  now  the  new  mounted 
Jackhamer  being  used.  There  the  pressure  is 
90  lbs.,  instead  of  the  usual  60  to  70  lbs.,  which 
enables  them  to  give  a  higher  efficiency.  For 
the  conglomerate,  the  heavier  form  of  the 
"Butterfly,"  D-113,  is  found  to  be  the  best 
adopted  by  the  Calumet  &  Hecla.  On  the 
Osceola  amygdaloid,  the  Kearsarge,  the  Isle 
Royale,  the  several  Hancocks,  and  Winona 
the  Leyner-Ingersoll  is  found  to  best  meet  the 
requirements.  The  "Baby"  is  used  to  some 
extent  at  the  Victoria  and  the  Mass. — Min. 
and  Eng.   World. 


A  CLERGYMAN  INVENTOR 

There  passed  away,  on  January  28th,  a  well- 
known  and  interesting  personality  in  the  min- 
ing world  in  the  person  of  the  Rev.  G.  M. 
Capell,  Rector  of  Passenham,  Stony  Stratford. 
He  was  born  in  Grosvenor-square,  London,  in 
1844,  and  was  a  son  of  the  Hon.  Adolphus 
Capell  (brother  of  the  fifth  Earl  of  Essex) 
and  the  Hon.  Mrs.  Capell  (eldest  daughter 
of  Viscount  Maynard).  He  entered  the  Church 
and  l)ecame  Rector  of  Passenham  in  1870, 
which  position  he  retained  until  his  death. 

Mr.  Capell  farmed  his  own  land,  and  find- 
ing on  one  occasion  his  haystacks  heating, 
applied  artifical  ventilation  by  means  of  a  small 
hand-driven  fan  which  he  constructed  in  his 
own  workshop  attached  to  the  rectory,  and 
by  which  means  he  forced  air  through  a  pipe 
to  the  heated  part  of  the  stack,  thus  success- 
fully overcoming  the  evil.  The  con.struction 
of  this  little  fan  led  him  to  build  up  a  great 
development  of  ventilating  fans,  culminating 
in  the  construction  of  large  fans  for  the  venti- 
lation of  coal  and  other  mines  and  for  other 
purposes.     He  took  out  many  patents  for  the 


protection  of  his  inventions,  which  were  a 
wide  departure  from  the  Guibal  and  other 
large  fans  previously  in  use  for  mine  ventila- 
tion, the  principal  features  being  small  diame- 
ter, high  speed,  curved  vanes,  and  large  ratio 
of  inlet  to  body  capacity,  thus  producing  a 
high  efficiency  and  low  oil  consumption,  and 
owing  to  the  rigidity  of  the  structure  a  very 
low  maintenance  cost.  The  merits  of  the  fan 
were  first  recognized  by  the  Germans  and 
Belgians,  who  have  now  a  large  number  work- 
ing on  some  of  their  principal  coal  mines, 
where  owing  to  the  restricted  airways  in  the 
thin  seams  of  these  countries  the  fans  were 
designed  to  produce  a  very  high  water  gauge, 
in  some  instances  as  high  as  15  in.  Some 
hundreds  have  also  been  installed  in  England, 
France  and  America,  some  of  which  have  been 
running  for  twenty-five  years  with  great  econ- 
omy. During  the  last  few  years  of  his  life 
Mr.  Capell  devoted  his  attention  to  propellers 
for  boats  and  aeroplanes.  His  genial  manner 
and  devotion  to  scientific  matters  made  him 
very  popular  with  mining  engineers,  colliery 
proprietors  and  others  with  whom  he  came  in 
contact,  not  only  in  Great  Britain,  but  on  the 
Continent  and  America,  where  he  was  always 
welcomed  by  the  principal  mining  engineers  of 
those  countries.  His  loss  will  not  only  be  felt 
from  the  engineering  point  of  view,  but  from 
the  social  standpoint  throughout  Europe  and 
America,  and  the  absence  of  his  inventive 
genius  at  a  time  when  the  development  of 
aeroplanes  and  waterplanes  has  reached  so 
important  a  stage  in  military  tactics  will  be  <v 
loss  to  the  nation. — The  Engineer,  London. 


COAL  MINE  MOVIES 

During  the  past  year,  tlie  Bureau  of  Mines, 
under  Charles  Enzian,  manager  of  the  anthra- 
cite division,  has  been  busy  preparing  views 
of  anthracite  operations,  and  as  a  result  of 
Mr.  Enzian's  work  the  Bureau  now  has  about 
3,000  feet,  or  five  reels,  which  it  proposes  to 
loan  to  mining  companies  that  want  to  use 
them,  for  the  small  rental  of  five  cents  per 
foot  for  the  pictures,  and  six  cents  per  foot 
for   the  titles. 

The  pictures  wore  secured  at  the  operations 
at  some  of  the  following  coal  companies: 
Kingston  Coal  Company,  Scranton  Coal  Com- 
pany. Lehigh  Valley  Coal  Company,  Phila- 
delphia &  Reading  Coal  &  Iron  Company, 
Susquehanna   Coal    Company,   Lehigh    Coal   & 
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Navigation  Company,  Pennsylvania  Coal  Corn- 
Company,  Lehigh  &  Wilkesbarre  Coal  Com- 
pany, C  M.  Dodson  &  Company,  and  others. 


COMBINED  AIR  COMPRESSOR  AND  VACUUM 
PUMP 

An  unusual  combination  of  air  compressor 
and  vacuum  pump  has  recently  been  con- 
structed by  Tilghman's  Patent  Sand  Blast 
Company,  Limited,  Broadheath,  near  Man- 
chester, for  the  purpose  of  pneumatic  tube 
transmission  at  the  Manchester  Head  Post- 
office.  A  description  and  illustrations  of  this 
machine  we  here  reproduce  from  The  Engi- 
neer, London.  Fig.  i  shows  the  machine  ex- 
ternally.   Fig.    2   is    a    sectional   elevation   and 


Fig.  3  is  a  reproduction  of  a  pair  of  indicator 
cards  from  the  vacuum  cylinder  and  the  com- 
pressor  cylinder   respectively. 

The  machine  is  of  the  horizontal  enclosed 
type  and  is  driven  b}^  means  of  a  belt  and 
variable  speed  electric  motor.  The  pressure 
cylinder  is  bolted  direct  to  the  enclosed  crank 
chamber  and  the  vacuum  cylinder  is  placed 
behind  the  pressure  cylinder,  being  secured  to 
the  back  cover  of  the  latter  by  means  of  a 
distance  piece,  which  also  provides  for  the 
true  alignment  of  the  cylinders. 

As  the  machine  is  designed  for  the  relatively 
low  pressures  of  27  lb.  per  square  inch  ab- 
solute in  the  pressure  mains  and  7  lb.  per 
square    inch    absolute    in    the    vacuum    tubes, 


FIG.    2. 
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7  Lbs  absolute 


Vacuum  Cylinder  23'dia.  H' Stroke 
130  R.P.M.  I.H.P.  22  9 


27  Lbs  absolute 


Pressure  Cylinder  13^  dia.   14  Stroke 
130  R.PM.  I.H.P  12 '6 

FIG.     3. 

special  attention  has  been  devoted  to  secure 
a  low  air  velocity  through  the  ports  and  pas- 
sages in  order  to  obtain  a  high  overall  effici- 
ency. Large  water  space  is  provided  in  the 
jackets  of  both  the  cylinder  bodies  and  covers, 
the  latter  being  easy  of  accomplishment  owing 
to  the  valves  being  placed  in  a  separate  cham- 
ber above  the  cylinders  instead  of  in  the  cov- 
ers themselves.  Incidentally,  this  arrange- 
ment greatly  facilitates  the  inspection  of  the 
valves,  which  can  be  taken  out  in  a  few  min- 
utes by  simply  removing  the  covers  of  the 
chambers. 

Both  the  inlet  and  delivery  valves  are  of  the 
automatic  multiplate  type,  specially  designed 
to  give  an  easy  and  free  passage  for  the  air. 
Elach  valve  consists  of  a  series  of  perfectly 
plain  thin  steel  discs  working  on  a  removable 
cast  iron  seating,  a  suitable  guard  plate  being 
bolted  to  the  seating  to  control  the  lift  of  the 
discs.  The  two  plates  next  the  valve  seat  are 
perfectly  flat  and  the  others  are  slightly  buc- 
kled, forming  a  very  simple  and  reliable  spring. 
The  valves  work  noiselessly — an  important 
feature  in  machines  situated  in  the  basement 
of  a  building.  The  pressure  cylinder  is  pro- 
vided with  an  automatic  control  valve  on  the 
air  inlet,  by  means  of  which  compression  ceases 


when  a  pressure  of  27  lb.  has  been  reached. 
The  vacuum  cylinder  is  fitted  with  a  somewhat 
similar  valve,  which  comes  into  operation 
when  the  vacuum  exceeds  7  lb.  These  control 
valves  are  capable  of  easy  adjustment  for  any 
pressures  within  2  lb.  above  or  below  those 
mentioned. 

The  cooling  water  is  circulated  through  the 
cylinder  jackets  by  means  of  a  gear  shown 
on  top  of  the  crank  chamber.  This  pump  has 
a  capacity  of  550  gallons  per  hour  and  is  driv- 
en my  means  of  chain  gearing  from  the  crank 
shaft.  The  lubrication  of  all  the  bearing  sui- 
faces  and  motion  work  is  provided  by  the 
splash  of  the  connecting-rod  end  in  the  oil 
in  the  crank  chamber.  The  crank  shaft  is  a 
steel  forging  running  in  white  metal  bearings 
with  an  outer  bearing  to  support  the  fly-wheel. 
The  latter  is  7  ft.  diameter  and  15  in.  across 
the  face.  Power  is  furnished  by  a  variable 
speed  motor  of  55  brake  horse-power,  the  revo- 
lutions of  the  fly-wheel  varying  between  65 
and  130  per  minute. 

The  pressure  cylinder  is  i3j/2-in.  bore  with  a 
capacity  of  250  cubic  feet  of  free  air  per  min- 
ute, and  the  vacuum  cylinder  is  23  in.  diame- 
ter with  a  capacity  700  cubic  feet,  the  length 
of  stroke  being  14  in.  The  following  guaran- 
tees were,  we  understand,  exceeded  by  a  lib- 
eral margin : — Volumetric  efficiency,  82  per 
cent,  to  85  per  cent. ;  indicated  horse-power 
in  cylinders,  sy;  horse-power  at  motor  ter- 
minals, 49;  mechanical  efficiency,  75  per  cent.; 
isothermal  horse-power,  25.9;  and  overall  effi- 
ciency, 53  per  cent.  It  was  stipulated  that  the 
temperature  of  the  air  delivered  from  the  pres- 
sure cylinder  was  not  to  exceed  160  deg.  Fah. 
with  an  atmospheric  temperature  of  60  deg. 
Fah. 


Chemical  analyses  of  starfishes,  sea  urchins, 
and  crinoids,  collected  from  all  parts  of  the 
world,  show  that  the  skeletons  of  these  animals 
contain  much  magnesia.  The  amount  present 
is  found  by  the  United  States  Geological  Sur- 
vey to  vary  with  the  temperature  of  the  water 
in  which  the  creatures  lived.  The  percentage 
of  magnesia  is  highest  in  those  specimens  that 
lived  in  tropical  waters  and  lowest  in  forms 
from  the  icy  seas  of  Greenland  and  the  Ant- 
arctic, with  a  regular  gradation  between  which 
even  shows  the  local  effect  of  cold  ocean  cur- 
rents upon   life  at  the  sea  bottom. 
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AN  ENGLISH   PNEUMATIC  JOLT  RAMMER 

The  accompanying  illustrations,  reproduced 
-from  The  Engineer,  London,  show  the  essen- 
tial details  and  mode  of  operation  of  the 
^'Taunton"  pneumatic  jarring  molding  ma- 
•chine,  built  by  Rudman,  Lancey  and  Craven, 
Ltd.,  Taunton,   England. 

The  machine,  intended  to  be  operated  by 
compressed  air  at  80  to  100  lb.  gage,  consists 
of  a  table  on  which  a  molding  flask  and  pat- 
tern plate  may  be  placed,  of  a  frame  support- 
ing this  table  but  otherwise  separate  from  it, 
of  a  jarring  cylinder,  and  of  power-operated 
lever  arms  intended  to  facilitate  the  lifting  and 
turning  of  the  flask  and  pattern  plate  when 
the  ramming  of  the  sand  has  been  completed. 
The  action,  simply  put,  is  as  follows : — The 
table  with  the  flask  and  plate  in  place  is  rais- 
ed by  the  frame  a  matter  of  S  in.  or  so.  It 
rests  in  this  position,  on  a  cushion  of  air,  as 
it  were,  while  sand  is  thrown  into  the  flask. 
The  jarring  mechanism  is  then  brought  into 
play.  This  raises  the  table  up  a  further  dis- 
tance and  releases  it.  The  table  falls  down  to 
meet  the  uprising  frame,  which  being  momen- 
tarily relieved  of.  the  weight  of  the  table,  is 


free  to  rise  under  the  lifting  force  of  the  air 
cushion  beneath  it.  The  impact  between  the 
falling  table  and  the  rising  frame  constitutes 
the  jar.  This  jarring  action  is  repeated  auto- 
matically until  the  sand  is  sufficiently  compact. 
When  this  stage  is  reached  the  table  is  raised 
a  farther  distance  by  means  of  the  frame. 
The  lifting  arms  are  swung  over  until  their 
ends  are  beneath  the  trunnions  on  the  flask. 
The  frame  is  then  allowed  to  sink,  taking  the 
table  with  it,  but  leaving  the  flask  suspended 
on  the  lifting  arms. 

In  Fig.  I  the  table  is  indicated  at  A,  the 
pattern  plate  at  B,  and  the  flask  at  C.  At  the 
centre  the  table  carries  on  the  underside  a  ram- 
like member  D,  which  fits  cylinderwise  within 
the  frame.  The  frame  is  built  up  of  three 
parts,  E,  F,  G.  The  top  part  is  provided  with 
wooden  buffers  H  to  take  the  impact  blows 
referred  to  above.  The  part  F  works  within 
a  cylinder  J  fixed  in  the  base-plate  of  the 
machine.  The  part  G,  like  a  tail  rod  to  the 
piston  F,  works  within  a  cylinder  K  attached 
to  the  cylinder  J.  Two  vertical  grooves  are 
cut  on  the  tail  rod.  a  shorter  one  L  and,  a 
quarter  round  the  circumference,  a  longer  one 
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M.  The  engraving  shows  the  frame  in  its 
highest  position.  When  in  its  lowest  position 
air  is  admitted  from  the  pipe  N  up  the  groove 
L  into  the  cylinder  J.  The  frame,  table,  pat- 
tern plate,  and  flask  are  thus  elevated  about 
5  in.  until  the  groove  L  overshoots  the  pipe 
X.  The  air  cushion  referred  to  above  is  thus 
established  in  the  cylinder  J. 

The  flask  being  filled  with  sand  the  jarring 
gear   is  brought   into  action.     This   gear  con- 


FIG.    3. 

sists  of  a  valve  arrangement  P  fixed  to  the 
side  of  the  frame.  This  valve  device  auto- 
matically and  rapidly  secures  the  alternate 
admission  and  exhaust  of  air  to  and  from  the 
cylinder  E  beneath  the  ram  D.  During  the  ad- 
mission period  the  table  is  raised  up,  but  as 
the  pressure  of  air  within  the  cylinder  E  is 
simply  replacing  the  weight  of  the  table,  etc., 
the  frame  E  F  G  does  not  move.  As  soon 
as  exhaust  from  the  cylinder  E  occurs,  how- 
ever, the  frame  is  no  longer  balanced,  and  is 
free  to  rise  under  the  force  of  the  air  cushion 
within  the  cylinder  J  to  meet  the  descending 
table  as  mentioned  above. 

The  action  of  thz  jarring  valve  is  intei- 
esting.  It  consists  of  two  piston  valves  Q, 
R,  of  which  one,  R,  is  of  the  differential  type 
— see  the  enlarged  view,  Fig.  2.  To  bring  the 
jarring  gear  into  action  air  is  admitted  from 
the  pipe  S  to  the  underside  of  both  valves. 
The  two  valve  chambers,  it  must  be  explained, 
are  in  communication  at  their  lower  ends, 
presumably  by  a  hole  not  shown  in  the  engrav- 


ing. Both  valves  are  thus  forced  up  to  the 
tops  of  their  strokes,  while  the  air  also  finds 
its  way  along  the  passage  T  to  the  underside 
of  the  ram  D.  The  ram  and  the  table  are 
thereby  carried  up.  Attached  to  the  table  there 
is  a  depending  rod  V  which  entering  the  jar- 
ring valve  casing  forms  a  stop  for  the  valve 
Q.  As  the  table  and  the  rod  V  rise,  therefore, 
this  valve  Q  is  free  to  follow  up  the  motion 
under  the  action  of  the  air  beneath  it.  After 
a  certain  rise  the  valve  uncovers  a  passage 
V  leading  into  the  chamber  of  the  valve  R 
near  its  upper  end.  Air  is  thus  admitted  to 
the  top  of  the  valve  R  and  as  the  upper  di- 
ameter of  the  valve  is  greater  than  the  lower 
the  valve  is  forced  down  to  the  bottom  of  its 
stroke.  In  this  position  it  sets  the  passage 
T  into  communication  with  an  exhaust  port 
W.  This  brings  about  the  fall  of  the  table 
and,  of  course,  of  the  rod  U.  The  valve  Q  is 
thus  forced  down  by  the  rod  until  a  small 
port  in  it  opens  the  port  V  to  exhaust — the  rod 
U,  it  will  be  noticed,  has  a  good  clearance  in 
its  hole  in  the  valve  casing  cover.  With  the 
pressure  on  top  of  the  valve  R  relieved  in  this 
manner  the  air  from  the  pipe  S  is  once  more 
free  to  raise  the  valve  to  its  highest  position. 


FIG.    4. 

The  cycle  is  then  repeated  and  will  be  kept 
up  so  long  as  the  air  supply  to  the  pipe  S  is 
maintained. 

The  sand  having  been  sufficiently  rammed, 
air  is  admitted  from  the  pipe  X,  Fig.  i,  up  the 
groove  M  into  the  cylinder  J.  This  brings 
about  the  farther  rise  of  the  frame  and  table 
referred   to  in   our  preliminary  outline  of  the 
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action.  If  the  pattern  plate  is  suitable  the  fonr 
eccentric  arms  Y — see  also  Fig.  3 — may  Ik 
swung  round  until  they  come  beneath  the- 
corners  of  the  flask.  Then  by  exhausting  the 
air  from  the  cylinder  J  through  the  pipe  X 
the  frame,  table  and  pattern  plate  may  be  low- 
ered, leaving  the  flask,  inverted,  resting  on  the 
arms  Y.  It  may,  however,  be  desired  to  turn 
the  flask  over  before  the  pattern  plate  is  with- 
drawn. This  is  effected  by  sliding  the  power- 
operated  lever  arms,  as  shown  in  Fig.  3,  along 
their  fulcrum  shaft  until  their  ends  engage 
the  trunnions  on  the  flask.  The  flask  and  the 
pattern  plate  may  then  be  elevated  by  power, 
turned  over  and  lowered  again  on  to  the  table. 
The  eccentric  arms  Y  would  be  swung  in  to 
engage  the  corners  of  the  pattern  plate  so 
that  on  exhausting  the  air  from  the  cylinder 
J  the  flask  would  descend  with  the  table,  leav- 
ing the  pattern  plate  behind. 

Owing  to  a  certain  leakage,  whether  by  de- 
sign or  not,  the  frame  always  rises  until  the 
groove  M  slightly  overshoots  the  end  of  the 
pipe  X,  .which  in  practice  gives  a  very  de- 
sirable result,  for  on  exhausting  the  air  from 
the  cylinder  J  the  small  overshot  portion 
secures  a  period  of  very  slow  descent  for  the 
frame  and  table,  followed  by  a  rapid  movement 
as  soon  as  the  overshot  portion  gives  place  to 
the  groove  M.  It  thus  happens  that  the  joint 
between  the  pattern  and  the  metal  is  parted 
very  gently. 

The  interior  of  the  tail  piece,  along  with  a 
piston  Z  working  within  the  portion  F  of  the 
frame,  is  made  to  constitute  a  dashpot,  and 
air  is  allowed  to  leak  into  this  through  a  tiny 
hole,  which  addition  prevents  the  frame  from 
bouncing  on  the  cushion  of  air  in  the  cylinder 
J  while  the  mold  is  being  rammed.  Although 
the  ramming  of  the  sand  is  effected  by  a  jar- 
ring action,  the  impact  occurs  in  mid-air,  and 
the  floor  is  not  shaken.  Figs.  3  and  4  show 
a  machine  of  this  type  handing  flasks  2  ft.  4 
in.  square  and  14  in.  deep  and  weighing,  with 
sand   and   pattern   plate,   about  800  lb. 


A  VACUUM  PAINT  SPRAYER 

This  so-called  "vacuum"  paint  sprayer  is  not 
so  much  of  a  vacuum  apparatus  after  all.  It 
is  connected  by  a  light  hose  to  the  regular 
compressed  air  supply  of  the  shop,  and  this 
air  as  it  pases  over  certain  holes  in  the 
horizontal  pipe  induces  a  vacuum  in  the  tank 
and  draws  up  the  paint  into  the  current  of  air. 


VACUUM    PAINT    SPRAYER. 

The  quantity  of  paint  delivered  is  regulated  by 
the  valve  shown,  and  a  push  valve  controls  the 
flow  of  air.  No  skill  is  required  for  operat- 
ing the  device,  and  the  only  requirement  is  to 
keep  it  clean  and  not  allow  it  to  be  clogged 
up  by  the  hardening  of  the  paint  when  it  is 
not  in  use.  It  is  put  on  the  market  by  the 
Gustin-Bacon  Manufacturing  Company,  Kan- 
sas Citv,   Missouri. 


A  TYPICAL   WATERWORKS  AIR  LIFT 

At  the  Madison,  Wis.,  waterworks,  there  arc 
four  wells;  two,  8-in. ;  one  6-in.  and  one  5-in., 
all  750  ft.  deep  and  cased  to  a  depth  of  150  ft. 
The  static  head  is  30  ft.  and  the  lift  above  the 
surface  12  ft.  The  wells  were  piped  for  air 
lift  on  the  basis  of  60  per  cent,  submergence, 
or  172  ft.  The  air  compresspr  recently  in- 
stalled for  this  service  is  an  Imperial  two- 
stage,  short  belt,  electric  drive  machine  with 
air  cylinders  19  and  12  in.  dia.  and  16  in. 
stroke,  driven  by  a  150  H.  P.  Westinghouse 
220  volt.  3  phase.  60  cycle  motor.  The  air 
receiver  provided  is  48  in.  dia.  and  8  ft.  high. 

The  yield  from  these  wells  is  variable,  pro- 
ducing all  the  way  from  157  gallons  for  the 
5-inch  well  up  to  768  gallons  per  minute  for 
one  of  the  8-inch  wells,  the  total  production 
being   1,947   gallons  per   minute.     Harris   20th 
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Century  Air  Lift  Pumps  were  used  in  all  the 
wells,  placed  at  varying  depths  from  255  to 
265  feet.  The  starting  pressure  varied  from 
98  pounds  to  102  pounds.  An  output  of  2,- 
500,000  gallons  per  day  was  guaranteed,  with 
an  efficiency  of  35  per  cent.  At  the  test  the  re- 
sults secured  were  as  follows :  Total  gallons 
pumped  24  hours,  2,803,680;  measurement  over 
knife-edge  weir  and  hook  gauge ;  E.  H.  P. 
input  to  motor,  160.8;  water  H,  P.,  allowing 
for  friction  in  discharge  line,  57.5 ;  efficiency, 
E,  H.  P.  input  compared  to  work  done,  35.6 
per  cent.;  K.  W.  used  per  hour,  120;  gallons 
per  hour,  116.820;  cost  per  K.  W.,  $0.01;  cost 
per  1,000  gallons,  $0.0102;  cost  per  million 
gallons,  $10.20. 


A  PNEUMATIC  PLATE  FLANGING  CLAMP 

The  half  tone  on  this  page  shows  a  plate 
flanging  clamp  for  boiler  shops,  taking  plates 
12  ft.  wide,  built  by  the  Niles-Bement-Pond 
Company,  New  York.  Clamps  of  this  general 
type  have  been  built  for  a  considerable  time, 
but  using  the  air  pressure  only  for  raising  the 
beam,  and  doing  the  clamping  by  screws 
and  hand  wheels.  In  the  present  design  there 
is  a  small  piston  in  each  standard  below  the 
beam  for  raising  it  and  a  large  piston  above 
for  applying  the  necessary  clamping  pressure 
which  will  amount  to  15  tons  with  an  air  sup- 
ply pressure  of  80  lb.  A  single  valve  controls 
the  entire  upward  and  downward  movement 
and  clamping  effect.     The  contact  of  the  pis- 
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SANITARY  LAUNDRY  PRACTICE 

Quite  a  number  of  small  "sanitary"  laundries 
in  New  York  City  advertise  "open  air  drying." 
In  contrast  with  this  a  laundryman  in  Bur- 
lington, Iowa,  advertises  as  follows:  "A  bal- 
loon ascension  in  your  back  yard  would  be 
your  only  means  of  drying  your  clothes  away 
from  the  dust  of  the  city  streets  and  the 
deadly  fly.  Our  hygienic  dry-room  contains 
hot,  filtered,  circulating  air — no  flies,  no  dust, 
no  germs.  The  laws  of  health  demand  that 
you  either  send  up  a  baloon  every  wash  day 
or  send  your  family  washing  to  Sickels  New 
Method  Laundry. 


tons  with  the  beam  ends  is  by  circular  arc 
surfaces  which  permit  an  equitable  applicatfon 
of  the  clamping  pressure  if  the  plates  clamped 
are  not  of  uniform  thickness.  The  clamp  is 
built  in  several  different  sizes.  The  cost  for 
operating  this  device  is  practically  nothing  for 
labor  and  not  more  than  one  cent  for  the  air 
consumed   for  each   clamping  operation. 


For  the  year  1913  there  were  imported  into 
the  United  States  1,502,795  gallons  of  peanui 
oil,  and  in  1914,  1,016,863  gallons.  The  iqf;, 
importations  were  valued  at  about  70c  per 
gallon. 
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THE  UNDERGROUND  WORK  HABIT 

"I've  been  working  away  iindcrgroiiiid  for 
the  last  twenty  years,  and  not  in  a  mine 
either,"  said  one  of  the  sub-bosses  of  the  new 
subway  under  construction  the  other  day.  "I 
began  away  back  on  the  original  Hudson  River 
tunnel. 

"I  worked  at  that  until  the  first  subway 
contracts  were  let.  That  took  me  under  ground 
again.  When  these  lines  were  completed  about 
eight   or   nine   years   ago   I   went   to   work   in 


of  these  restaurants  where  everything  is  ar- 
ranged to  convey  the  idea  of  rest  and  comfort. 
I  don't  fee!  'at  all  like  Germany — wanting  a 
place  in  the  sun.  Downstairs,  apart  from  the 
hurly-burly,  burrowing  to  make  connecting 
links    for   transit   suits  me." 

A  number  of  men  who  have  spent  years 
in  underground  work  declare  their  health 
has  been  all  that  could  be  desired.  Some 
have  grown  stouter  at  it  and  some  are  actually 
rosv    cheeked. 


ALASKA   UP  TO   DATE. 


Chicago  on  below  the  surface  work  until  the 
new  subway  contracts  had  been  let.  Now  I'm 
in  full  underground  swing  again. 

"I  spend  over  eight  hours  every  day  with 
several  feet  of  dirt  over  my  head.  I  have  not 
seen  a  ray  of  sunlight  during  working  hours 
for  years.  I  don't  know  that  there  is  day 
between  8  a.  m.  and  5  p.  m.  I  measure  every- 
thing in  my  mind  by  darkness  and  night 
systems  of  measurements. 

"Things  don't  seem  right  up  on  the  earth's 
surface.  The  sun's  too  odd  a  thing  to  stay 
with  long.  It  makes  me  blink  too  much. 
The  shade  and  the  darkness  of  the  under- 
ground area  seem  much  more  adapted  to  my 
nerves  and  needs.  The  glaring  light  up- 
stairs  is   too  brazen   altogether. 

"Down  where  I  work  it  gets  you  to  feeling 
as    the    subdued    lights    impress    you    in    some 


A  HIGH  CLASS  COMPRESSOR  IN  AL.\SKA 

The  photo  on  this  page  comes  to  us  without 
much  specific  data,  but  it  tells  a  clear  story 
of  its  own.  The  scene  is  on  Gold  street.  Tread- 
well,  Alaska,  and  the  fine  team  of  ten  horses 
is  hauling  a  truck  with  a  load  of  18,000  pounds, 
one  cylinder  of  an  up-to-date  air  compressor. 
The  technical  designation  of  the  machine  is 
PRB2.,  a  two  stage,  Royler  valve,  electric 
driven  compressor  with  all  the  improvements 
which  make  for  efficiency,  economy  and  re- 
liability for  the  service  of  the  Alaska  Tread- 
well  Gold  Mining  Company.  The  scene  pre- 
sents many  details  of  interest  as  suggesting 
the  refinements  of  civilization,  enterprise  and 
comfort  close  up  to  the  Arctic  Circle.  At  the 
extreme  left  is  a  fire  hydrant  and  near  it  is 
a  steel  telephone  pole.  The  number  of  tele- 
phone  wires   is   worth   noting.     The  buildings 
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oil  the  left  are  apparently  a  church  and  then 
a  schoolhouse,  or  vice  versa;  the  building  with 
the  balconies  may  be  a  hotel,  and  so  on.  The 
inhabitants  are  conspicuous  by  their  absence, 
but  they  may  have  been  temporarily  excluded 
for  the  sake  of  the  picture. 


SUCCESS  OF   THE  BOTTOM  HEADING  IN 
SNOQUAL/VUE  TUNNEL 

Both  the  top-heading  and  the  bottom-head- 
ing methods  were  used  in  driving  the  Sno- 
qualmie  tunnel  of  the  Chicago,  Milwaukee  & 
St.  Paul  Railway  40  mi.  cast  of  Seattle.  The 
former  method  was  used  at  the  east  end  and 
the  latter  at  the  west.  Although  the  top  head- 
ing showed  a  slight  advantage  in  average 
progress,  the  removal  of  the  bench  was  more 
readily  accomplished  with  the  bottom  heading. 

Work  on  the  tunnel  began  at  Rockdale  late 
in  191  r,  but  was  not  pushed  rapidly  until  after 
the  very  severe  winter  of  1912-13.  Since  that 
time  four  6-hr.  shifts  have  been  kept  in  each 
heading,  and  the  total  force  at  the  tunnel  has 
averaged  more  than  300  men.  Steady  progress 
was  made  up  to  the  time  headings  met  on  Aug. 
4,  1914. 

The  tunnel  is  a  single-track  bore  11,902  ft. 
long,  having  one  porlal  on  the  western  slope 
of  the  range  at  Rockdale  and  the  other  near 
Kecchelus.  The  saving  in  distance  will  be 
about  3J/^  miles,  and  1.239  deg.  of  curvature 
will  be  eliminated.  The  tunnel  is  being  built 
on  an  ascending  eastbound  grade  of  0.4  per 
cent  to  a  point  2,000  ft.  west  of  the  east  end, 
whence  eastbound  traffic  will  descend  a  o.i  per 
cent,  grade  to  the  portal. 

All  of  the  material  encountered  during  the 
dri\ii  g  was  rock,  carving  from  soft  to  very 
hard ;  about  75  per  cent,  of  it  was  a  massive 
black  slate  and  the  remainder  quartzite  and 
conglomerate.  At  the  west  end  the  bottom- 
heading  method  was  used,  all  of  the  material 
above  the  bottom  heading,  8x13  ft.  in  section, 
being  blasted  and  dropped  to  stoping  timbers 
and  thence  into  cars  on  the  track  below.  .At 
the  cnst  enrl  a  top  center  heading,  8x6  ft.  in 
section,  was  driven  first  and  muck  was  loaded 
into  cars  on  the  high-line  tracks.  At  the  west 
end  gasoline  motors  and  steam  dinkies  handled 
the  muck  in  i-yd.  and  ^lA-yd.  cars,  while  at 
the  ca':t  end  electric  motors  and  steam  dinkies 
were  U'^ed  in  the  interior  and  exterior  work- 
ings  respectively.     The   engineers    report   that 


the  bottom-heading  method  proved  much  more 
satisfactory  in  many  ways.  The  average  prog- 
ress with  the  bottom-heading  method  was  9.5 
ft.  per  day  as  against  10  ft.  per  day  with  the 
top-heading  system ;  the  bottom  heading  could 
not  be  driven  faster  than  the  top,  but  the  re- 
moval of  the  bench  was  more. readily  accomp- 
lished. 

Each  heading  was  drilled  by  four  Ingersoll- 
Rand  piston  drills  mounted  on  a  cross  bar, 
and  from  sixteen  to  twenty-five  holes  were 
placed  for  each  round.  From  2  to  8  lb.  of 
6o-per  cent,  gelatine  dynamite  were  used  per 
round,  according  to  the  class  of  rock  encount- 
ered, and  all  blasting  was  done  with  fuse  and 
caps.  Ventilating  fans  housed  at  the  portals 
provided  ventilation  by  drawing  out  powder 
fumes  through  a  20-in.  galvanized-iron  pipe 
that  terminated  at  the  end  of  the  completed 
bench.  In  addition  to  this  fresh  air  was  forced 
into  the  heading  through  a  lo-in,  galvanized- 
iron  pipe  line,  canvas  hose  being  substituted 
for  the  60  ft.  next  to  the  heading.  As  the  dis- 
tance between  portal  and  heading  was  increas- 
ed, the  pressure  in  the  air  lines  was  maintain- 
ed by  adding  motor-driven  booster  fans  as  re- 
quired. 

All  of  the  work,  with  the  exception  of  the 
2  miles  of  approach  grading,  has  been  done 
by  company  forces  under  the  personal  super- 
vision of  J.  I.  Horrocks.  E,  O.  Reeder,  at 
Seattle,  Wash.,  is  assistant  chief  engineer,  and 
C.  F.  Loweth,  Chicago,  is  chief  engineer  of 
the  Chicago,  Milwaukee  &  St.  Paul  Railway. — 
Engineering  Record. 


COAL  ECONOMY  IN  CENTRAL  STATIONS 

According  to  a  committee  of  the  Association 
of  Edison  Illuminating  Companies,  the  aver- 
age consumption  of  fuel  in  all  the  central 
stations  of  New  York  City  is  at  the  rate  of  3.3 
pounds  per  kilowatt-hour  (2.46  pounds  per 
horse-power  hour),  inclusive  of  all  standby 
and  other  losses.  The  average  consumption 
of  fuel  by  isolated  plants  is  at  the  rate  of 
not  less  than  10  pounds  of  coal  per  kilowatt- 
hour  (7.46  per  horse-power  hour),  or  three 
times  (the  average  rate  of  central  station 
f  peration.  It  is  claimed  that,  as  compared 
with  isolated  plants,  central  station  generation 
of  electricity  is  conserving  in  New  York  City 
alone  about  1.750,000  tons  of  fuel  a  year. 
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DEATH  OH   EBENEZER   HILL 

Eljenczcr  Hill,  practically  tiie  founder  and 
for  so  many  years  the  engineering  and  busi- 
ness head  of  the  Norwalk  Iron  Works,  South 
Norwalk,  Conn.,  died  at  his  home,  Danbury, 
Conn.,  after  an  illness  of  several  months,  66 
years    old. 

We  regret  exceedingly  that  we  have  been 
unable,  as  yet,  to  procure  the  materials  for  a 
satisfactory  obituary  notice.  We  know  that 
as  to  his  schooling  he  was  a  graduate  of 
Wesleyan  University,  B.  A.,  1870;  M.  A., 
1891.  His  so-called  professional  record  in  the 
files  of  the  American  Society  of  Mechanical 
Engineers,  in  connection  with  his  applica- 
tion for  membership  in  1892,  is  absurdly 
sketchy,  incomplete  and  unsatisfactory,  and 
nothing  can  be  learned  from  it.  He  was  man- 
ifestly so  fully  entitled  to  membership  that  it 
was  not  at  all  necessary  to  scrutinize  any  writ- 
ten record. 

Mr.  Hill  was  one  of  the  pioneers  in  the  de- 
veloping of  the  modern  commercial  air  com- 
pressor. Besides  the  designing  of  his  ma- 
chines he  especially  did  excellent  work  in  fa- 
miliarizing customers  and  the  general  public 
with  the  conditions  essential  to  be  observed 
to  secure  economical  air  compression.  His 
hobby,  as  it  might  have  been  called,  was  twor 
stage  compression  for  the  ordinary  working 
pressures  used  for  driving  rock  drills  and 
similar   service. 

The  early  publications  put  out  by  him,  and 
similiarly  those  which  have  successively  fol- 
lowed them,  in  advocacy  of  compressors  em- 
bodying this  one  principle  of  two  stage  com- 
pression, are  among  the  most  convincing  in 
that  class  of  publications.  If  they  may  be 
said  to  have  been  too  convincing,  in  that  they 
have  insisted  rather  too  much  upon  the  losses 
acompanying  single  stage  compression  and  have 
given  an  exaggerated  impression  as  to  the 
magnitude  of  the  savings  of  power  and  oth- 
erwise in  two  stage  compression,  while  they 
have  had  comparatively  so  much  less  to  say 
about  the  much  larger  economics  possible  to 
be  secured  in  the  steam  end  of  the  compres- 
sors, it  may  well  be  argued  that  these  latter 
were  already,  or  should  have  been,  sufficiently 
familiar  to  all  well  informed  engineers. 

Nevertheless  it  is  by  such  pushing  as  this 
that  knowledge  and  practice  are  advanced. 
From  full  exparte  argfuments  upon  both  sides, 
the   advocates   of   either   having   said   all   that 
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possibly  can  be  said,  the  truth  must  surely 
be  established.  Certain  it  is  that  within  the 
active  life  of  Ebenezer  Hill — and  he  would 
hardly  be  called  an  old  man — there  has  been  a 
wonderful  advance  in  compressed  air  practice; 
in  the  compression,  the  conditioning,  the  trans- 
mission and  the  ultimate  profitable  employ- 
ment of  the  air,  and  Mr.  Hill  contributed  sub- 
stantially to  the  acomplishment  of  the  re- 
sult. 


NEW  VOLUME  REGULATOR  FOR  AIR  COM- 
PRESSORS 

The  paper  with  the  above  title  by  Raynor 
Wikander,  presented  at  the  December  meeting 
of  the  American  Society  of  Mechanical  Engi- 
neers and  printed  in  our  issue  for  January, 
was  the  only  paper  dealing  specifically  with  a 
compressed  air  problem.  We  present  below 
the  discussion  which  the  paper  elicited,  from 
the  Journal  of  the  Society. 

W.  L.  Saunders,  in  a  written  discussion, 
stated  that  he  regretted  the  author  had  given 
so  little  space  to  the  system  of  clearance  un- 
loaders  or  controllers,  which  the  writer  claim- 
ed to  be  not  only  extremely  simple  and  inex- 
pensive, but  had  been  demonstrated  to  be  high- 
ly efficient. 

He  stated  the  cardinal  requirements  for  the 
successful  operation  of  a  regulator  for  high 
speed  compressors  operating  at  constant  speed 
are : 

First,  underload  regulation  must  be  obtained 
with  such  a  degree  of  economy  that  the  re- 
duction in  power  required  will  be  practically 
in  a  direct  proportion  to  the  reduction  in  output 
capacity. 

Second,  all  mechanisms  for  regulating  the 
compressor  must  be  independent  of  the  run- 
ning gear  of  the  compressor,  otherwise  the 
timing  of  the  regulator  as  the  regulation  varies 
is  difficult  to  accomplish,  and  the  delicate  yet 
durable  mechanism  required,  operating  at  the 
full  speed  of  the  compressor  continuously,  is 
extremely  difficult  to  design  and  manufacture. 
The  difficulty  and  cost  of  maintenance  and  the 
shut-downs  requisite  for  repair  have  proved 
excessive  when  the  regulating  mechanism  is 
part  of  or  dependent  upon  the  running  gear 
of  the  compressor. 

Third,  the  regulator  .should  be  of  such  de- 
sign that,  when  the  compressor  is  called  upon 
for  average  operation  at  partial  load  capacity, 
it  can  be  so  adjusted  by  hand  as  to  limit  the 


maximum  capacity,  and  thus  permit  the  com- 
pressor to  operate  at  a  higher  average  capacity 
or  higher  load  factor  than  would  otherwise 
be  possible.  This  is  a  valuable  feature  under 
conditions  where  electric  power  service  is 
furnished  under  a  special  maximum  demand 
charge. 

He  stated  that  with  the  automatic  clearance 
controller  the  inlet  capacity  of  the  compressor 
is  reduced  without  reducing  the  intake  pres- 
sure. On  a  two-stage  compressor  a  constant 
ratio  of  compression  throughout  the  entire  loadi 
range,  and  the  highest  compression  efficiency, 
is  maintained  throughout.  The  reduction  in 
power  secured  with  this  method  of  control  is 
practically  in  direct  proportion  to  the  reduction 
of  load.  The  regulator  is  simple  in  construc- 
tion and  entirely  automatic  in  operation. 

On  account  of  its  under-load  economy,  the 
automatic  clearance  type  is  in  his  opinion  of 
value  in  the  majority  of  conditions  of  constant 
speed  power-driven  compressor  service  re- 
quiring under-load  regulation. 

Joseph  Esherick  wrote  congratulating  the 
author  upon  his  excellent  paper  and  for  his- 
work  in  developing  the  Hall  volume  regulator.. 

In  regard  to  volume  regulators,  he  said  the 
author  made  no  mention  of  the  Richards  Pres- 
sure Unloader.  This  unloader  permits  the 
compressor  to  run  unloaded  until  the  desired 
speed  is  obtained,  when  it  loads  the  compressor 
automatically.  The  device  is  placed  in  the  dis- 
charge line  between  the  compressor  and  re- 
ceiver and  is  simple  and  inexpensive.  It  is- 
used  primarily  on  motor-driven  compressors. 
Another  type,  called  the  Initial  and  Pressure 
Unloader,  has  been  designed  for  continuous 
running  steam  and  electric-driven  compressors. 
This  embodies  means  of  adjustment  for  any 
degree  of  regulation,  from  two  to  fifteen 
pounds. 

Paul  Diserlns  wrote  that  the  author's  objec- 
tion to  the  choking  unloader  were  well  taken 
as  directed  against  its  application  by  gradual" 
throttling,  but  that  this  application  was  prac- 
tically obsolete.  They  were  not  well  taken  in 
the  case  of  the  total  closure  unloader,  which 
is  both  safe  and  efficient  when  properly  pro- 
tected by  atmospheric  relief  valves.  The  only 
drawback  to  the  total  closure  unloader  is  the 
sudden  change  from  full  load  to  no  load  it 
causes,  but  where  this  is  not  objectionable  at 
the  electrical  end  the  device  answers  very 
perfectly. 

Theoretically    the    principle    of    varying    the 
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capacity  of  a  compressor  at  constant  speed  by 
changing  the  clearance  (clearance  unloaders) 
is  sound.  The  writer  sees,  however,  the  chief 
objection  to  the  practical  application  of  this 
principle  for  volume  control  in  the  obstruc- 
tion to  free  communication  between  cylinder 
and  clearance  chambers  occasioned  by  the  re- 
stricted valve  openings,  of  necessity  interposed 
between  cylinder  and  valve  pockets. 

The  author's  comment  on  unloaders  on  com- 
pressors with  positively  moved  valves  implies 
that  unloaders  operating  the  suction  valves 
are  the  best  type,  whereas  one  of  the  most 
widely  used  devices  of  this  nature  involves  an 
auxiliary  by-pass  valve  and  connections. 

The  volume  regulator  which  is  the  subject 
of  the  paper  appears  to  depend  on  the  gradual 
increase,  during  the  entire  length  of  the  com- 
pression stroke,  of  the  cylinder  pressure  as 
compared  with  the  suction  passage  pressure, 
but  it  does  not  seem  clear  why  such  gradual 
increase  should  occur. 

It  would  also  appear  that  on  compressors  of 
medium  and  larger  sizes,  operating  at  the  re- 
latively high  speeds  now  generally  employed, 
a  multiplicity  of  valves  equipped  with  by- 
passing control  would  be  needed.  This  would 
appear  to  present  some  difficulty  in  synchron- 
izing their  action. 

The  application  of  the  regulator  described  to 
a  two-stage  compressor  necessitates  the  use 
of  two  independent  governors,  one  to  regulate 
the  line  pressure  and  the  other  the  intercooler 
pressure.  Though  this  does  not  constitute  a 
serious  objection,  it  implies  a  complication  to 
which  the  author  takes  exception  in  other 
forms  of  volume  control. 

James  Tribe  expressed  his  written  opinion 
that  the  form  of  valve  to  which  this  regulator 
was  shown  applied  might  operate  with  fair 
success  under  low-speed  conditions  such  as 
formerly  obtained,  but  in  modern  compressors 
running  at  say  150  r.p.m.  such  a  valve  must 
have  a  very  short  life.  Even  the  pressed  steel 
cup  valve,  used  for  many  years  by  the  best 
builders  on  account  of  its  lightness,  was  prov- 
ing too  massive  to  withstand  the  shock  incident 
to  valve  action  with  high  speeds. 

John  Glass  contributed  a  written  discussion 
in  which  he  said  the  Hall  regulator  would  not 
apply  to  a  pipe  line  as  to  a  tank,  as  it  is  not 
practical  to  carry  a  constant  discharge  pres- 
sure   at   the    various    compressing   stations   of 


large  gas-pumpihg  plants.  In  such  installa- 
tions, the  gas  pressure  is  partly  regulated  at 
the  compressing  plant  closest  to  the  point  of 
consumption,  but  the  other  plants  back  on  the 
line  are  run  at  constant  speed,  that  is,  com- 
pressing all  the  gas  possible.  If  more  pres- 
sure is  required  in  the  line  extra  wells  are 
turned  in,  and  if  the  unloading  device  is  affect- 
ed by  this,  shortage  of  gas  will  occur  at  the 
consumption  end. 

He  thought  that  this  regulator  was  well 
adapted  to  gas  engine  driven  compressors, 
especially  in  starting,  and  also  on  account  of 
the  limited  capacity  of  the  gas  engine  for 
overload,  but  that  it  was  not  of  very  great  ad- 
vantage in  gas-pumping  plants,  as  the  changes 
in  pressure  are  too  great.  When  the  field  pres- 
sure drops  the  discharge  drops  also,  giving 
about  the  same  number  of  compressions.  A 
large  diameter  compressor  would  be  a  disad- 
vantage as  the  speed  would  have  to  be  re- 
duced so  as  not  to  exceed  the  economical  num- 
ber of  compressions,  about  4.5. 

Frank  Richards  said  that  the  device  describ- 
ed could  only  be  used  in  connection  with  obso- 
lete or  obsolescent  types  of  inlet  and  discharge 
valves.  He  said  we  have  learned  that  poppet 
valves  are  by  no  means  the  best  for  air  com- 
pressors. The  poppet  valve  has  considerable 
inertia,  and  moreover  the  resistance  of  a 
spring  has  to  be  overcome  in  opening  it ;  oil 
gums  its  guides  and  the  valve  requires  fre- 
quent examination  and  cleaning;  it  gives  a 
more  or  less  restricted  and  tortuous  passage 
for  the  air,  and  this  feature  is  accentuated 
when  the  air  has  to  play  back  and  forth  for 
regulation  purposes.  With  this  valve,  too,  the 
pressure  of  the  air  within  the  cylinder  is  neces- 
sarily lower  at  the  beginning  of  the  compres- 
sion stroke  than  that  outside. 

The  Corliss  inlet  valve,  wide  open  for  nearly 
the  entire  stroke,  and  with  large  port  area 
and  a  direct  passage  for  the  air  into  the  cylin- 
der, gives  a  freer  inrush  to  the  air  and  a  fuller 
pressure  at  the  beginning  of  the  compression 
stroke. 

The  Rogler  valve,  which  has  replaced  the 
poppet  valve,  annihilates  its  objectionable  fea- 
tures without  entailing  others.  This  valve 
consists  of  a  very  thin  steel  plate  covering 
concentric  annular  openings  in  the  valve  seat, 
and  with  a  minute,  free  lift  it  gives  the  larg- 
est and  freest  passage  for  the  air  that  has 
ever  been  realized.     The  Hall  regulator  can- 
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not    be   applied    to    either   this   or   the    Corliss 
valve. 

The  regulation  of  a  compressor  should  be 
accomplished  without  interference  with  its 
ordinary  operation,  and  so  it  might  be  well 
that  neither  the  inlet  nor  the  discharge  valves 
should  be  inlerferred  with  for  this  purpose. 
This  may  be  secured  by  controlled  changes 
of  the  cylinder  clearance,  an  almost  ideal  mode 
of  regulating  the  output  from  nothing  to  full 
delivery.  It  is  possible  mechanically  to  have 
an  automatically  pressure-adjusted  changeable 
clearance  for  the  air  cylinder  so  large  that  at 
Due  extreme  of  its  capacity  a  whole  cylinder- 
ful  of  free  air  shall,  when  compressed  up  to 
receiver  pressure,  just  fill  this  clearance  space 
and  none  be  expelled  to  the  receiver.  Then 
the  compressor  could  run  along  continuously, 
and  the  air  in  the  cylinder  would  be  alternately 
compressed  and  re-expanded  and  no  power 
expended. 

A  partial  reduction  of  this  clearance  space 
would  compel  an  expulsion  or  delivery  of  a 
portion  of  the  air,  and  the  remainder  would 
re-expand  upon  the  return  stroke  the  same  as 
with  the  clearance  of  full  capacity,  but  in  the 
latter  case  at  the  end  of  the  stroke  a  portion 
of  free  air  would  be  taken  in  sufficient  to 
replace  the  volume  delivered,  and  so  on.  With 
this  adjustable  clearance  reduced  to  its  min- 
imum, the  cylinder  would  be  delivering  its  full 
charge  of  air.  and  its  action  would  be  en- 
tirely normal. 

Such  a  clearance  control  is  not  yet  fully 
realized,  but  the  four  stage  clearance  controller 
already  in  extensive  use  gives  highly  satis- 
factory results  in  practice.  The  only  expense 
it  involves  is  its  initial  cost,  as  it  requires  no 
constant  operating  expense. 


EXHAUST  STEAM  ECONOMY  IN  A  SHIPYARD 

At  the  plant  of  the  Newport  News  Ship- 
building &  Dry  Dock  Company,  Newport 
News.  Va..  a  1400-kw.  (^1830  h.  p.)  De  Laval 
lf)W-prcssurc  turbine,  operating  at  3000  r  p.m. 
drives  two  700-kw.  direct-current  dynamos  at 
500  r.p.m.  The  turbine  is  of  the  pressure  stage 
type  and  receives  the  exhaust  from  air  com- 
pressors and  hydraulic  pump'j,  exhausting  in 
trrn  into  a  surface  condenser.  In  this  installa- 
tion the  dynamos  are  mounted  with  their 
siiafts  parallel  to  each  other,  with  the  rc^nll 
that  a  compact  arrangement  of  apparatus;  is 
Fecured  .''nd  the  prf^'^ures  on  the  bearings  and 


gear  teeth  are  reduced.  The  normal  yard 
load  of  approximately  1000  kw.  at  220  volts 
is  regularly  carried  by  the  turbine-driven 
j^euerators,  while  when  pumping  out  a  dry- 
dock  the  combined  load  of  approximately  2300 
kw.  is  carried  by  connecting  one  of  the  original 
Cx)0-kw.  engine-driven  generators  in  a  series 
with  the  turbo-generator,  thus  supplying  ap- 
proximately 500  volts,  for  the  two  large  motors 
in  the  dock  pumphouse.  In  this  way,  it  is 
pointed  out,  the  economy  of  a  turbo-generator 
set  is  secured  for  ordinary  operation,  and  the 
existing  engine-driven  units  are  not  discarded 
but  are  utilized  as  spares. 


EFFECT  OF  DIFFERENT  PRESSURES  AND 
TEMPERATURES  IN  OXYGEN  CUTTING 

BY    J.    F.    SPRINGER 

In  connection  with  cutting  iron  and  steel 
with  an  oxygen  jet,  the  question  arises  wheth- 
er any  considerable  advantage  would  result 
from  pre-heating  the  gas.  In  those  types  of 
cutting  torches  in  which  the  cutting  oxygen  is 
surrounded  by  an  oxy-acetylene  flame,  a  cer- 
tain amount  of  pre-heating  does  take  place. 
One  should  expect  that  such  cutting  torches 
would  show  a  high  degree  of  efficiency,  and 
certain  experiments  carried  out  with  the  oxy- 
hydrogen  cutting  torch  having  separate  jets 
and  the  oxy-acetylene  cutting  torch  with  a 
centrally  arranged  oxygen  jet  seem  to  justifj 
this  expectation. 

The  steel  experimented  upon  was  an  open- 
hearth  plate  having  a  thickness  of  1.18  inches. 
It  was  found  that  the  former  type  of  torch  re- 
quired 50  per  cent,  more  oxygen  than  the  lat- 
ter in  burning  out  equal  volumes  of  material 
from  the  cut.  This  difference  is  too  great  to 
assume  that  the  whole  of  it  is  due  to  any  dif- 
ference in  effectiveness  of  the  oxy-hydrogcn 
and  oxy-acetylene  systems.  It  must  be  in 
part  assigned,  so  it  would  seem,  to  the  differ- 
ence in  the  arrangement  of  the  jet  of  cutting 
oxygen. 

While  the  foregoing  evidence  is  mainly  sug- 
gestive, and  by  no  means  to  be  regarded  as 
conclusive,  it  does  prepare  the  mind  for  the 
results  of  other  experiments  where  all  the 
tests  were  carried  out  under  the  same  sys- 
tem. Two  comparative  sets  of  experiments 
were  tried,  the  type  of  torch  in  both  cases  be- 
i?ig  an  f)xy-acetylene  instrument  having  a  cen- 
trally arranged  cutting  jet.  Whatever  advan- 
tage   may    lie    in    the    pre-heating   of    the    cut 
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ting  oxygen  clue  to  tliis  arrangement  is  com- 
mon to  all  the  experiments.  For  the  present, 
therefore,  this  is  not  to  be  regarded  as  pre- 
heating at  all.  Jn  both  sets  of  experiments, 
cuts  were  made  where  the  cutting  oxygen  was 
specially  pre-heated  and  others  where  it  was 
left  alone. 

In  the  first  comparative  set,  we  have  seven 
cuts  without  and  eight  with  pre-heating.  The 
material  was  open-heart  steel  plate  1.18 
inches  thick.  The  acetylene  consumption  was 
8^  cubic  feet  per  hour.  The  purity  of  the 
oxygen  was  96.5  per  cent ;  the  pressure,  about 
2gy2  pounds  per  square  inch.  The  results, 
with  the  oxygen  not  pre-heated,  were  as  fol- 
lows : 

Time  in 
Length  of  cut       Time   in       minutes   for 
in   inches.  seconds,     i   linear   foot. 

25.0  220  1.76 

25.0  220  1.76 

22.0  195  1.77 

22.0  190  1.73 

22.5  188  1.67 

20.5  175  1.71 

17.0  155  1.82 

Average     1.75 

With  the  oxygen  pre-heated,  the  following 
results  were  obtained : 

Time  in 
Length  of  cut      Time  in      minutes  for 
in   inches.  seconds,     i    linear   foot. 

19.5  140  1.44 

18.5  137  148 

17-5  125  143 

26.5  180  1.36 

18.5  135  146 

17.5  126  1.44  " 

16.5  120  1.45 

22.5  T53  1.36 

Average     1.43 

We  have  here  a  saving  of  0.32  minutes  per 
foot  by  pre-heating — or  18  per  cent.  In  the 
experiments,  several  other  cuts  were  made  both 
with  and  without  preheating ;  but  have  omit- 
ter  them  as  the  cuts  produced  were  not  normal 
ones.  The  record  gives  the  average  oxygen 
consumptions  for  the  individual  cuts  of  the 
two  classes — those  involving  imheated  and 
those  involving  heated  oxygen — which  include 
these  abnormal  cuts. 

SECOND  SERIES  OF  TESTS. 

The  foregoing  results  are  confirmed  by  a 
second  series  of  experiments,  the  type  of  torch 


remaining  the  same.  The  thickness  of  the 
plate  was  here  0.37  inch.  The  oxygen  pres- 
sure for  these  thin  sheets  was  reduced  to  about 
14.7  poimds  per  square  inch.  The  acetylene 
pressure  was  such  as  to  enable  i  foot  to  be 
cut  with  about  0.32  cubic  feet  of  the  gas.  The 
purity  of  the  oxygen  was  the  same  as  before — 
96.5  per  cent.  The  following  table  makes  clear 
the  results  for  the  normal  cuts,  with  "cold" 
oxygen : 

Time  in 
Length  of  cut       Time   in         minutes   for 
in    inches.         minutes.       i    linear    foot. 
394  2.42  0.74 

394  2.75  0.84 

394  2.67  0.81 

394  2.67  0.81 

394  2.50  0.76 

39.4  2.42  0.74 

394  2.58  0.79 

394  2.42  0.74 

394  2.33  0.71 

Average    0.77 

With  the  oxygen  pre-heated,  the  results  are 
as  follows : 

Time  in 
Length  of  cut      Time  in        minutes   for 
in    inches.         minutes.       i    linear    foot. 
394  2.05  0.63 

394  2.17  0.66 

394  2.05  0.63 

394  2.12  0.65 

394  2.17  0.66 

394  2.42  0.74 

394  2.18  0.66 

39.4  2.03  0.62 

394  2.42  0.74 

Average    0.67 

The  saving  in  time  here  amounts  to  13  per 
cent.  Omitting,  as  before,  the  cases  of  abnor- 
mal cuts  and  assuming  the  oxygen  consump- 
tion to  remain  the  same  on  the  average,  we 
have  an  oxygen  consumption  of  0.139  cubic 
feet  per  square  inch  of  cut  when  the  oxygen 
was  not  pre-heated.  and  of  0.118  cubic  feet 
when  the  oxygen  w-as  pre-heated.  That  is. 
there  was  an  actual  saving  of  oxygen  of  0.021 
cubic  feet  per  square  inch  of  cut — or  15  per 
cent.  It  should  be  borne  in  mind  that  any  sav- 
ing of  time  means  a  saving^of  labor  as  well. 

Quite  a  number  of  experiments  have  been 
tried  where  the  object  in  view  was  to  gain  in- 
formation regarding  speed  variations  resulting 
from  changes  in  the  character  of  the  heating 
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part  of  the  flame.  Open-hearth  steel  having  a 
thickness  of  1.18  inches  was  used.  The  torch 
was  an  oxy-hydrogen  instrument  having  the 
heating  jet  separated  from  the  cutting  jet. 
The  oxygen  was  99  per  cent.  pure.  The  oxy- 
gen pressure  was  about  22  pounds  per  square 
inch.  The  hydrogen  and  oxygen  were  kept 
pretty  closely  to  the  ratio  4:1,  but  the  pres- 
sures were  varied. 

The  results  show  that  with  low  pressure  the 
time  required  to  effect  the  cutting  was  com- 
paratively large.  As  the  pressures  were  in- 
creased, the  time  required  per  linear  unit  of 
cut  diminished.  The  best  results  seem  to  have 
been  obtained  when  the  pressures  were  rather 
heavy  and  where  the  relative  amount  of  hydro- 
gen fell  off  a  little.  With  these  cuts,  the  ratio 
of  hydrogen  and  oxygen  was  in  fact  15  .4.  The 
excellent  results  are,  however,  rather  to  be  at- 
tributed to  the  heavy  flame  maintained.  The 
five  cuts  were  made  not  only  more  rapidly 
than  with  lesser  pressures,  but  were  apparent- 
ly finer  examples  of  cutting.  The  following 
table  gives   details : 

Time  in 
Length  of  cut     Time  in        minutes  for 
in  inches.        seconds,     i   linear  foot. 
41.3  270  1.26 

41.3  270  1.26 

32.7  215  1.31 

31.5  185  1. 17 

29.5  202  1.37 

Average    1.27 

Another  series  of  six  cuts  was  made  with 
the  same  size  and  type  of  torch,  but  upon  heav- 
ier steel — that  is,  upon  plate  2.56  inches  thick. 
The  oxygen  was,  however,  only  96.5  per  cent, 
pure.  The  oxygen  pressure  was  about  29.5 
pounds  per  square  inch.  The  following  table 
exhibits  details : 

Time  in 
Length  of  cut     Time  in        minutes  for 
in   inches.        seconds,     i   linear   foot. 
6.7  75  2.24 

6.7  70  2.09 

6.7  72  2.15 

6.7  65  1.94 

6.7  70  2.09 

6.7  90  2.69 

Average    2.20 

There  results  would  seem  to  have  been  very 
good  ones.  The  steel  was  more  than  twice  as 
thick  as  in  the  preceding  series  of  cuts  and 
there  must  have  been  a  greater  proportionate 


loss  in  getting  under  way  because  of  the  short 
run  of  only  6.7  inches.  The  hydrogen-oxygen 
ratio  in  the  heating  flame  was  here  35 :8 — or 
something  in  excess  of  4:1,  the  regulation  ra- 
tio. 

EFFECT    OF    PRESSURE    OF    CUTTING    OXYGEN    UPON 
SPEED 

One  further  question  remains  to  be  consid- 
ered. It  is  usual  to  employ  a  considerable  pres- 
sure back  of  the  cutting  jet  of  oxygen.  What 
advantage  lies  in  a  heavy  pressure,  and  are  there 
limits  to  the  advantage,  if  such  exists?  These 
are  important  practical  questions.  Quite  a 
number  of  experiments  have  been  carried  out 
whose  results  will  help  to  their  answer.  In 
the  following  table,  all  except  possibly  the  two 
lighter  pressures  represent  groups  of  experi- 
ments. The  average  results  are  given.  The 
oxygen  used  in  these  experiments  was  99  per 
cent.  pure.  The  plates  were  1.18  inches  thick. 
The  torch  was  of  the  oxy-hydrogen  type,  and 
consumed  in  its  heating  jet  63.5  cubic  feet  of 
hydrogen  per  hour  and  17  cubic  feet  of  oxy- 
gen. It  will  be  noted  that  this  ratio  63.5:17  is 
a  little  short  of  4:1.  The  tabular  results  fol- 
low : 
Pressure      Length  Time  in 

of  of  Time  mmutes 

cutting.        cut    in  in  per    linear 

oxygen.        inches.        seconds,     foot   of   cut. 
7.1  26.0  330  2.54 

10.6  35.0  340  1.94 

24.8  25.3  211  1.69 

35.5  -  37-5  235  1.27 

49-7  417  236  1. 13 

We  see  here  that  the  speed  of  cutting  in- 
creased steadily  with  the  increase  of  pressure. 
However,  the  highest  pressure  produced  a  cut 
with  the  upper  edge  rounded.  The  pressure 
oi  35-5  pounds  seems  to  be  about  the  proper 
maximum  pressure  to  produce  a  perfect  cut 
in  the  most  rapid  manner.  It  should  be  added 
that  not  only  did  the  lower  pressures  corres- 
pond to  slow  cutting,  but  the  work  itself  was 
faultv. — Iron  Trade  Review. 


NOTES 

There  are  over  7,000  miles  of  underground 
tunnels  in  the  anthracite  mines  of  Pennsyl- 
vania. The  Philadelphia  &  Reading  Coal  & 
Iron  Company  has  more  than  800  miles  of 
timbered  gangways  and  drifts,  and  there  is  a 
total  of  2,000  miles  of  these  underground  ways 
in  the  Schuylkill  region  alone. 
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Lhe  ideal  race  track  of  the  world  is  un- 
doubtedly at  Saldiiro,  Utah,  112  miles  west  of 
Salt  Lake  City,  and  here  the  world's  speed 
record  has  been  made.  The  track  is  a  level 
crystallized  salt  bed  65  miles  long  and  8  miles 
wide,  the  salt  98  per  cent,  pure,  and  on  this 
surface  an  automobile  made  a  mile  in  25.2  sec- 
onds, or  142.85  per  hour. 


The  United  States  is  by  far  the  largest 
copper  producer  in  the  world ;  in  fact,  we 
produce  more  than  all  the  rest  of  the  world 
together.  In  1845  the  production  was  224,000 
pounds ;  in  1913  it  was  1,224,484,098  pounds. 
The  total  production  of  the  United  States 
from   1850  to   1913  was   18,857,476,910  pounds. 


The  mine  fire  which  has  been  burning  at 
Summit  Hill,  Pa.,  for  the  last  62  years  and 
which  was  believed  to  have  been  conquered, 
has  broken  out  afresh.  During  the  time  thai 
this  fire  has  been  in  progress,  coal  worth  mil- 
lions of  dollars  has  been  burned,  and  great  ex- 
pense has  been  incurred  by  the  Lehigh  Coal 
&  Navigation  Co.  in  fighting  it,  with  now  no 
prospect  of  success. 


A  little  known  phase  of  the  coal  mining  in- 
dustry is  the  use  of  expensive  barometers  at 
the  principal  collieries  of  all  the  big  companies, 
especially  where  the  mines  are  gaseous.  When 
the  atmospheric  pressure  is  decreasing  gas  is 
released  more  easily,  and  the  fire  bosses  all 
look  at  the  barometers  before  going  into  the 
mines  to  make  their  morning  inspections. 
When  the  barometer  is  going  down  they  look 
and  test  with  extra  care  for  gas. 


The  president  of  a  large  railway  system 
says  he  could  save  $200  a  car  by  buying  freight 
cars  now,  which  the  railway  can  make  good 
use  of  and  will  soon  be  in  pressing  need  of. 
The  inability  or  unwillingness  of  the  directors 
to  finance  such  a  purchase  will  in  all  probabil- 
ty  thus  add  25  per  cent,  to  the  cost  of  the 
cars  when  they  are  finally  ordered. — Railway 
Review. 


The  new  French  4-inch  gun  for  attack  on 
aircraft  has  proved  to  be  a  very  efficient  weap- 
on. It  fires  a  projectile  weighing  about  36 
pounds  with  a  muzzle  velocity  of  1,870  feet 
per  second.  The  sighting  is  by  means  of  a 
panoramic  glass  and  the  gun-pointing  is  done 


similarly  to  that  of  the  well-known  French  7.5 
j,Min.  The  carriage  remains  fixed,  the  gun  re- 
coiling to  a  distance  of  i  meter  and  returning 
to  battery  by  means  of  compressed  air.  The 
wt'ight  of  the  piece  in  action  with  its  armored 
screen  is  about  2^3  tons. 


The  New  Zealand  authorities,  according  to 
Commerce  Reports,  have  placed  an  order  with 
the  Baldwin  Locomotive  Works  for  10  loco- 
motives of  the  first  class,  competitors  for  the 
contract  being  several  English  firms.  The  best 
English  offer  was  that  of  the  North  British 
Coiopany  to  complete  10  engines  in  7  months 
at  $23,262  each.  The  Baldwin  offer  was  10 
engines  in  60  days  at  $15,714  each. 


In  lowering  a  large  steel  storage  tank  to  its 
foundation  in  a  deep  pit,  Honolulu  engineers 
built  up  a  temporary  resting  place  of  blocks 
of  ice,  and  then,  after  the  structure  had  been 
properly  centred,  melted  the  ice  uniformly  with 
steam.  The  reservoir  is  24  ft.  in  diameter, 
25  ft.  high,  weighs  14  tons,  and  has  a  ca- 
pacity of  80,000  gallons. 


It  seems  that  the  purchaser  of  anthr'icite 
coal  at  any  time  owes  a  cumulative  debt  to  the 
mine  for  the  entire  period  of  its  future  opera- 
tion. It  is  computed  that  every  ton  of  coal 
removed  from  the  mines  involves  the  removal 
of  a  ton  of  water  every  year  thereafter.  In 
1904,  in  Pennsylvania  anthracite  mines,  there 
were  846  pumps  underground,  and  in  1914 
there  were  929  pumps,  besides  water  hoists. 
Water  delivered  at  the  surface  in  these  years 
was  446,120  and  489.600  gallons  per  minute, 
respectively. 


LATEST   U.  S.    PATENTS 

Full  specifications  and  drawings  of  any  pat- 
ent may  be  obtained  by  sending  five  cents  (not 
stamps)  to  the  Commissioner  of  Patents, 
Washington,  D.  C. 

FEBRUARY  2. 

1,126.732.  VACUUM  CLEANING-MACHINE. 
Ora  Drake.  Cleveland.  Ohio. 

1,126,799.  FLUID-PRESSURE  GENER-VrOR. 
John  F.  Ltndberg.  Hibbing.  Minn. 

1.126.831.  MEANS  FOR  CONTROLLING  THE 
INJECTION-AIR  OF  COMBUSTION-EN- 
GINES. Jakob  Muller.  Wintorthur.  Swit- 
zerland. 

1.126.865.  DEVICE  FOR  AERATING  LIQUIDS. 
Harry  Vaughan  Rudston  Read.  London,  Eng- 
land. 

1.126.890.  PNEUMATIC  HAMMER.  Jou.v  J. 
Sheehan.   Roanoke.   Va. 
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1,126.940.      VALVE   FOR  PERCUSSIVE  TOOLS. 

Lewis  C.   Bayles.   Easton.   Pa. 
1,126.943-4.     FLUID-OPERATED  PERCUSSIVE 

TOOL.     Lewis  C.  Bayles,  Easton,  Pa. 
1,127.035.      BRAKE-LOCK.      AndrEvV    A.    Lixam. 

Purcell,  Okla. 
1,127.079.         AIR-COMPRESSOR.  Frederick 

Nielsen,  Boston,  IMass. 

1.  An  air  compressor  comprising  a  c.vlinder. 
means  for  affixing  tlie  same  to  a  wheel,  a  piston 
for  co-operating  with  said  cylinder  to  coinpress 
air,  a  crank  connected  to  said  pistosi  to  recipro- 
cate the  same,  means  carried  by  tiie  wheel  for 
affording  a  bearing  for  said  crank  n.T.raU(^l  to  the 
w  heol  axis,  said  crank  being  weightt'l  so  as  to 
remain  substantially  in  one  position  while  tli^ 
cylinder  rotates  with  the  wheel,  and  an  air  con- 


sss^i^^J^S^^ 


1,127,420.  APPARATUS  FOR  DEHYDRATING 
AIR.     William  A.  Fairburn,  Short  Hills,  N.  J. 

1.127,726.  FLUID  -  PRESSURE  -  OPERATED 
EJECTOR.     William   Buckley,   Chicago,   111. 

1.127.S23.  RELIEF- VALVE  FOR  ROCK- 
DRILLS.       Thomas     E.     Sturtevant,     Dover, 


N.  J. 

1.127,826. 

SWITZER, 

1,127,853. 


George    S. 


AIR-BRAKE      VALVE. 

Grand   Rapids,    Mich. 

PROCESS  OF  AND  APPARATUS 
FOR  CRUSHING  ORE.  Hans  Charles  Behr, 
Scarsdale,  N.  Y. 
1,127,896.  DUST-COLLECTOR  FOR  VACUUM- 
CLEANERS.  William  H.  Keller,  Philadel- 
phia. Pa. 
1,128,014.  VEHICLE  AIR-SPRING.  Richard 
LiEBAU.    Swissvale.    Pa. 


Pneumatic    Patents   February  2. 


FOR     DESICCATING 

Frank      Wktterauer, 

A.  Wegxkr,  Rochester, 


diiit  for  connecting  the  cylinder  with  a  pneumatic 
tin-  on  said  wheel. 

1,127,128.   SAFETY  PRESSURE  DEVICE.   Wil- 
liam  H.   Walter,   New   York.   N.   Y. 
1,12  7.140.      APPARATUS 

HUMAN      CORPSES. 

Efif,  Pa.,  and  Gu stave 

N.   Y. 

1.  In  a  mausoleum,  tlie  comV)ination  of  a  vault 
tli«'  surrounding  walls  of  which  are  made  air- 
tight, an  opening  to  .said  vault,  an  air-tight  clos- 
ure for  said  opening,  a  suction  device  operating 
to  create  a  vacuum  in  said  vault,  means  for  op- 
erating the  same,  and  pip*-  connections  between 
said  suction  device  and  said  vault  substantially 
as  and  for  the  purpo.«e  described. 
1,127.225.      DUST-COLLECTOR        FOR        ROCK 

DRILLS.     Emmet  F.  Galliga.v,  Idaho  Springs, 

Colo. 
1,127.2.37.      ROTARY    FLUID-BRAKE.     Charles 

R.   Harris  and   Rutherford  G.  Goldman.   Los 

1.127.242.'  APPARATUS  EMPLOYED  IN  THE 
REMOVAL  OF  F>l'ST  AND  THE  LIKE.  Wil- 
liam   George    If  a  v.    Prestwich.    lOngland. 

1,127.381.  METHOD  OF  FORMING  GLASS 
VACUUM-KFr'F«:PTACLES.  Clarence,  D. 
Byrnes,   Sewickley.    Pa. 

FEBRUARY  9. 

1.127.396.      ROCK-DRILL.     George   R.   Bennett. 

Denver.   Colo. 
1.127.419.         APPARATUS      FOR      MODIFYIXr; 

AHi.  William   A.   Fairburn.  Short   FIllIs.  N.  J. 


1.128.058.  METALLIC  COATING  AND  PRO- 
CESS OF  MAKIN.G  SAME.  Max  Ulrich 
SCHOop,    Hongg,    near    Zurich,    Switzerland. 

1.  The  process  of  metallically  plating  or  coat- 
ing articles,  which  comprises  linely  and  uniform- 
ly snl)dlvi(liiig  a  molten  metal  maintained  under 
pressure,  and  projecting  it  upon  the  surface  to 
be  coated  with  sufficient  force  to  produce  a  uni- 
form,   non-porous   w<lded    coating. 

1.128.059.  METHOD  OF  PLATING  OR  COAT- 
ING WITH  METALLIC  COATINGS.  MAX 
Ulrich   Schoop.    Hongg,   near  Zurich,   Switzer- 

1,128,207.  COMBINED  HYDRAULIC  MOTOR 
AND  VACUUM-NOZZLE.  NiCK  E.  WiLMES, 
San   Francisco,  Cai. 

1,128.265.  APPARATUS  EMPLOYED  FOR 
COMPRESSING  FERMENTATION-GASES. 
Jacob  !•".  Wittema.xn.  Lakewood.  N.  J.,  and 
RunoLi'n    W.    Wittemann,   Brooklyn,  N.   Y. 


FEBRUARY  16. 


Robert  B. 
Albert 


1,128.416.     PNFl'MATIC   HAMMER. 

Crump.  New   Voik.  N.  Y. 
1.128,428.        MEf'HAXICAL     STOKER 

G.   Elvin,   Somerxille,   N.   J. 

1.  In  a  mechanical  stoker,  the  combination  of 
a  fuel  receptacle  adapted  to  be  supported  on  a 
locomotive  and  to  communicate  with  a  firing 
opening  In  tlie  firebox  ther«*of,  two  fuel  shovels 
mounted  to  swing  horizontally  in  said  receptacle, 
a  fuel  receiving  hopper  adapted  to  be  supported 
on  a  locomotive  tender  below  the  fuel  space 
thereof,    a    conveyer    casing   connected    rigidly    to 
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the  fuel  receptacle,  and  connected  with  the  ca- 
pacity of  relative  movement  to  the  fuel  receiving 
hopper,  a  plunger  working  in  said  conveyer  cas- 
ing, a  fluid  pressure  motor  actuating  said  plun- 
ger, and  two  fluid  pressure  motors,  each  actuat- 
ing one  of  said   shovels. 

1,128,437.         DUST-COLLECTOR      FOR      ROCK 
DRILLS.     Emmet  F.  Galligan,  Idaho  Springs, 
Colo. 
1,128,455.         PRESSURE-CONTROLLER       FOR 

TIRES.     Edw.^d  B.  Keith,  Pontiac.  Mich. 
1,128,487.      SUCTION   CLEANING-TOOL.   Rich- 
ard H.   Morrow.   Waukegan,   111. 
1,128,574.      MILKING-MACHINE.    Gustaf   Hen- 
RiK  Fabian  Berglund.   Stockholm,   Sweden. 


1,128,615.  GOVERNOR  FOR  VACUUM  CLEAN- 
ING SYSTEMS.  Augustus  Lotz,  San  Fran- 
cisco, Cal.,  and  Clarence  W.  Bailey,  Philadel- 
phia,  Pa. 

1,128,622.  QUICK-ACTION  RELEASE  MECH- 
ANISM FOR  AIR-BRAKES.  SPENCER  G. 
Neal,  Los  Angeles,   Cal. 

1,128,630.  VACUUM-CLEANER.  John  W. 
Smith,  Chicago,  111. 

1,128,674-5.  DUST-COLLECTOR  FOR  ROCK- 
DRILLS.  Emmet  F.  Galligan,  Idaho  Springs, 
Colo. 

1,128,697.  METHOD  OF  ATOMIZING  LIQUID 
COMPOSITIONS  SUCH  AS  PAINT.  FoRTU- 
nato  Levy.   Paris.   France. 


Pneumatic  Patents  February   16. 
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1.128.S56.  SPRAYING-MACHINE.  Charles 
Cornwall  and  David  J.  Foltz.  Salem,  Ohio. 

1,128.932.  AUTOMATIC  TRAIN-STOP.  Fred- 
erick George  Bastian.  Buffalo,  N.  Y. 

1.128,949.  INSTRUMENT  FOR  MEASURING 
THE  VELOCITY  OF  FLOW  OF  FLUIDS. 
Hetnrich   Contzen,   Dusseldorf,   Germany. 

13.882.  (Reissue.)  PRESSURE-DRIVEN  RE- 
CIPROCATING TOOL.  Alexaner  Palmros, 
Syracuse,  N.  Y. 

FEBRUARY  23. 

1,129,174.  SUCTION-CLEANER.  Matilda  Den- 
nis. Clifton  Hill,  Melbourne,  Victoria,  Aus- 
tralia. 


service  tank,  an  air  supply  tank,  means  for  de- 
livering water  to  said  tanks,  means  for  trans- 
ferring the  water  from  the  air  tank  to  the  ser- 
vice tank  to  create  a  vacuum  in  and  draw  air 
into  the  air  tank,  and  means  for  retransf erring 
water  from  the  service  to  the  air  tank  to  force 
th(>  contained  air  from  the  latter  into  the  former 
tank  and  to  subsequently  return  the  water  from 
the  air  to  the  service  tank,  whereby  the  air  in 
the  service  tank  will  be  brought  under  compres- 
sion. 

1,129,347.  FLUID-OPERATED       DRILLING- 

MACHINE.    Louis  W.  Greve,  Cleveland.  Ohio. 
1,129,:;62.       AUTOMATIC    PNEUMATIC    PUMP. 
Thomas   E.   Ryder.   St.  John,  New  Brunswick^ 
Canada. 


P.vEUM.ATic  Patents  February  23. 


1.129.267.  PORTABLE  PNEUMATIC  STAY^ 
BOLT  CUTTER.  Archie  M.  Baird,  Topeka, 
Kans. 

1.129.268.  AIR-TIGHT-SURFACE-FORMING 
CO.VI  POUND.  Henri  Livingston  Bates, 
Springfield,   Mass. 

A  water  proofing  compound  consisting  of  par- 
affln,  one  pound,  spermaceti,  two  ouncfs.  vasce- 
line,  thrfe  ounces,  cottonseed  oil,  three  ounces, 
powdered  alum,  two  ounces,  powdered  rosin,  two 
ounces  and  baking  soda,  one  ouncf,  .said  paraffin, 
alum,  rosin  and  soda  together  with  the  vasce- 
llne  and  cotton  sred  oil  constituting  a  fl:xible 
filling  for  the  openings  in  a  piece  of  fabric,  and 
also  acting  as  a  covering  for  the  fabric  to  ren- 
der the  same  air-proof. 

1,129,274.  VACUUM-CLEANER.  George  Cle- 
ments,  Chicago,   111. 

1,129,308.  TRAIN-PIPE  CONNECTION.  Jesse 
C.  Martin,  Jr.,  San  Francisco,  Cal. 

1,129,318-9.  FLUID- PRESSURE  BRAKE.  Wal- 
ter V.   Turner,   Wilklnsburg,    Pa. 

1,129,323.  COMBINED  AUTOMATIC  TRAIN- 
PIPE  AND  CAR  COUPLING  MECHANISM. 
George   Westinghouse,   Pittsburgh,    Pa. 

1,129.334.      FIYDROPNEUMATIC    WATER   SYS- 
TEM.    Owen  C.  Cover.  Goshen,  Ind. 
1.  In  a  hydro-pneumatic  watf-r  system,  a  main 


1,129,420.  TOOL-ACTUATING  DEVICE.  Thom- 
as Officer.  Claremont,  N.  H. 
1.  In  an  apparatus  for  reciprocating  an  im- 
pact member  such  as  a  percussive  tool  or  the 
like,  the  combination  with  a  reciprocating  driv- 
ing element  of  an  outer  cylinder  and  an  inner 
piston-cylinder  movable  within  the  same,  a  pis- 
ton movable  within  said  piston-cylinder,  said  pis- 
ton and  piston-cylinder  constituting  cooperating 
driving  and  driven  parts  connected  one  to  the 
reciprocating  driving  element,  and  the  other  to 
thf  tool  or  other  impact  member,  and  means 
whereby  the  movement  of  the  one  causes  a  trans- 
ference of  fluid  from  outside  of  the  piston-cylin- 
der to  within  the  same,  and  vice  versa,  such 
transference  causing  the  consequent  movement 
of  the  other  member. 
1,129,450.     TIRE-PRESSURE  GAGE.   Robert  A. 

Campbell.  Minneapolis,   Minn. 
1,129,477.       APPARATUS     P^OR    CONDENSING 
AMMONIA  FROM  A  GASEOUS  TO  A  LIQUID 
STATE.     Horace  C.  Gardner,  Chicago,   111. 
1,129,619.       INHALING    SYSTEM.       Gustave    A. 

Zapf,   New  York,   N.   Y. 
1,129,661.       PNEUMATIC    STARTER    FOR    IN- 
TERNAL-COMBUSTION    ENGINES.     George 
A.  Gemmer.   Detroit,   Mich. 
1,129,763.      AIR-GOVERNOR.    Charles    Trojov- 
SKY,   Norway,    Iowa. 
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KEPT    AFLOAT    BY    THE    TUGS    PUMPS. 


COMPRESSED  AIR  SAVES  ANOTHER  SHIP 

It  is  now  quite  well  and  generally  known 
that  no  matter  how  big  a  hole  ma}'  be  stove  in 
the  bottom  of  a  ship  it  can  easily  be  kept 
afloat  by  compressed  air  if  decks  and  bulk- 
heads are  approximately  air  tight.  There 
comes  to  us  through  the  pages  of  the  Pacific 
Marine  River  an  interesting  account  of  the 
recent  salving  of  an  oil  tank  steamer,  the 
Mina  Brea,  on  the  coast  of  Chile. 


The  tanker  grounded  on  a  shoal  known  as 
Lagarto  Bank,  about  ten  miles  north  of  the 
northern  extremity  of  Antofagasta  Bay.  while 
on  a  short  trip  between  Tocopilla  and  Anto- 
fagasta. The  latter  port,  by  the  way,  is  very 
close  to  the  Tropic  of  Capricorn.  The  vessel 
entered  the  bay  early  in  the  morning  with 
her  siren  going,  calling  for  assistance.  Tugs 
with  high  capacity  pumps  were  sent  ofT  and 
moored  alongside,  and  the  water  in  the  flood- 
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HOW    LOW    SHE    SANK. 

ed  compartments  was  kept  down.  Divers  re- 
ported extensive  damage  to  the  bottom  and 
after  some  of  the  lesser  holes  had  been  stop- 
ped the  sailors  erected  an  air  compressor  plant 
on  the  vessel's  deck  and  she  was  quickly 
raised.  Fig.  2  shows  how  little  buoyancy  there 
was  left,  the  position  of  the  deck  being  indi- 
cated by  the  line  of  rivets,  and  Fig.  3  shows 
how  high  she  was  raised  by  the  air,  the  load 
of  oil  apparently  having  been  discharged. 
Some  further  temporary  repairs  were  effected 
on  the  bottom,  a  spare  compressor  was  placed 
on  board  and  the  Mina  Brea  left  for  Talca- 
huano  on  October  23,  arriving  at  that  port  on 
the  28th  of  the  same  month.  This  trip  was 
made  with  a  hole  three  and  a  half  feet  long 
and  over  two  feet  wide  in  the  vessel's  bot- 
tom, but  the  water  was  held  back  without 
difficulty  by  the  air.  After  some  repairs  were 
effected  the  ship  proceeded  to  San  Francisco. 


LAYING  THE  FLEXIBLE-JOINTED  NARROWS 
SYPHON  OF  THE  CATSKILL  AQUEDUCT 

BY    STEPHEN    W.    SYMONS. 

Among  the  great  variety  of  engineering  prob- 
lems which  have  been  involved  in  the  con- 
struction of  the  great  aqueduct  which  is  to 
bring  the  pure  water  of  the  Catskills  and  dis- 
tribute it  in  generous  volume  throughout 
Greater  New  York,  not  the  least  difficult  and 
interesting  is  that  which  occurs  near  the  end 
of  the  .system,  the  laying  of  the  siphon  under 
the  Narrows  for  the  delivery  of  water  in 
Staten   Island. 

This  so-called  syphon  is  a  cast  iron  pipe,  36 


AS    RAISED  BY   THE  AIR. 

in.  in  diameter,  made  in  sections  12  ft.  long, 
each  of  which  weighs  approximately  9,000 
lbs.  The  total  length  of  the  syphon  will  be 
10,000  ft.  It  is  being  laid  in  a  trench  60  ft. 
deep  and  is  covered  with  about  8  ft.  of  sand 
to  guard  against  damage  from  the  anchors  of 
vessels.  It  was  found  necessary  to  flexibly 
couple  the  pipe,  in  order  to  permit  of  its 
being  lowered  from  a  lighter  within  a  special 
steel  lattice  work,  as  well  as  to  take  up  the 
inequalities  of  the  trench.  The  joint  em- 
ployed is  of  the  cast  lead  type,  spherical  in 
form,  the  bell  end  being  turned  on  the  inte- 
rior, to  a  true  sphere  and  highly  finished  with 
a  band  of  steel  shrunk  on  the  outside.  The 
spigot  has  deep  grooves  to  retain  the  lead  and 
a  turned  collar  to  bear  in  the  bell.  A  sketch 
of  the  joint  is  shown  in  Fig.  i.  It  is  in  the 
caulking  of  this  joint,  after  the  lead  has  been 
poured,  that  the  most  interesting  part  of  the 
work  occurs. 

Owing  to  the  special  form,  it  was  found  im- 
practical to  calk  in  the  usual  manner  because 
of  the  necessity  of  deflecting  the  joint,  both 
while  laying  the  pipe  and  after  it  was  laid, 
which  would  be  almost  certain  to  destroy  the 

Steel  Tire 

Shrunk  on  ,j;-r4'--»|   ,.3<?  Bolts. I6  in  each  row 

""^J^^rf '";  .-/-ead  Washers 
^>.x--,ox  J*.*^ /=i^  Standard  Weight  for 

a  1^  Ft  length  9090  lbs 
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tightness  of  the  caulking.  Caulking  the  pipe 
from  the  bell  end,  after  it  was  in  position, 
would  also  have  been  both  expensive  and  dif- 
ficult, as  well  as  insecure,  owing  to  the  very 
strong  tides  to  be  met  with  in  that  part  of 
the  Narrows  and  the  added  cost  of  retaining 
the  services  of  a  river.  The  joint  eventually 
adopted  was  worked  out  from  a  suggestion 
made  by  a  workman  who  had  seen  lead  shot 
forced  into. small  joints. 

As  can  be  seen  from  the  sectional  illustra- 
tion, Fig.  I,  a  series  of  32  holes,  in  two  rows, 
were  drilled  and  tapped  around  the  periphery 
of  the  bell  end  of  the  pipe.  After  the  joint 
has  been  poured  full  of  hot  lead,  small  pellets 
of  cold  lead  were  introduced  and  forced  in  by 
means  of  a  screw  plunger,  as  described  later, 
to  make  up  for  the  shrinkage  of  the  lead  in 
cooling. 

METHODS  OF  LAYING  PIPE. 

The  work  is  being  carried  on  by  the  Merrit 
&  Chapman  Derrick  &  Wrecking  Co.  starting 
from  the  foot  of  79th  St.,  South  Brooklyn,  and 
crossing  the  Narrows  to  South  Staten  Island. 


ligure  J  shows  the  structural  steel  framc- 
vv(jrk  carrying  the  pipe,  in  place  on  the  lighter 
'Comptroller."  This  framework  extends  down 
to  the  bott<jm  of  the  channel  and  is  curved  so 
that  the  pipe,  on  leaving  it,  will  lie  flat  in  the 
trench.  A  pneumatic  pontoon  is  attached  at 
one  end  to  supply  a  certain  amount  of  buoy- 
ancy. The  framework  will  accommodate  12 
lengths  of  pipe.  After  the  work  has  progressed 
further,  the  position  of  the  pipe  will  be 
changed.  Instead  of  coming  over  the  lighter, 
as  shown  in  Fig.  2,  it  will  come  up  under- 
neath it.  Tiie  operation  of  laying  the  pipe  is 
continuous,  each  section  being  hoisted  to  the 
top  of  the  framework  and  lowered  into  place 
with  the  spigot  end  in  the  bell  end  of  the 
previous  pipe.  The  joint  is  then  poured,  caulk- 
ed and  tested  and  the  lighter  with  the  frame- 
work warped  further  out  into  the  channel 
ready  for  the  next  length  of  pipe.  The  light- 
er is  held  by  10  anchors,  each  being  supplied 
with    i.ooo   to    1.200   ft.   of  wire   rope. 

POURING     THE     JOINT. 

A  removable  wooden  staging  is  erected  over 


FIG.  2.     PIPE,  CRADLE  AND  WORKING  STAd. 
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FJ(,.  3.      SHOWING   USE 

the  joint  to  accommodate  the  crew,  melting  pot 
and  blow  torch.  The  annular  opening  around 
the  joint  is  first  caulked  with  asbestos  rope, 
held  in  place  with  a  number  of  wooden  chocks, 
bearing  on  the  flange  of  the  spigot.  The  ar- 
rangement of  the  staging  can  be  clearly  seen 
in  Fig.  2.  The  discharge  pipe  from  the 
melting  pot  i>  inserted  in  a  fire  clay  mold  at 
the  top  of  the  joint,  everything  is  made  fast, 
and   the   joint   i>   ready. 

The  lead  is  heated  by  means  of  a  gasoline 
torch  operating  under  80  lbs.  air  pressure. 
The  lead  is  heated  to  8oo°  F.,  carefully  tested 
for  temperature  and  measured  and  the  pot  tap- 
ped. The  total  amount  of  lead  for  each  joint 
is  350  lbs.  Immediately  after  the  joint  is 
poured,  the  wf»oden  chocks  are  knocked  out, 
the  melting  pot  is  swung  onto  a  hook  con- 
veniently placed  near  by.  and  the  wooden  plat- 
form removed,  the  whole  operation  taking 
about  two  hours  frrjni  the  time  the  pipe  is 
placed    in    position. 

r.\ I'LK  I  .\G      KO' •  I P?.f  F.NT. 

Pneumatic  drills  of  the  type  ordinarily  used 
for  drilling  metals  anrl   ^imibir  portable  work, 


OF  PNEUMATIC  DRILLS. 

were  adopted  as  the  most  reliable  means  for 
driving  in  the  screw  plugs.  A  saddle  was  rig- 
ged up  of  two  semi-circular  sections  of  angle 
iron  to  fit  snugly  over  the  steel  band  shrunk 
over  the  bell  end  of  the  pipe.  This  saddle  car- 
ried four  frames,  each  of  which  carries  a  drill. 
The  drill  frames  allow  of  movement,  in  rela- 
tion to  the  saddle,  both  longitudinaly  and  radi- 
ally, this  movement  being  controlled  by  means 
of  a  hand  wlieel  on  the  dead  handle  of  the 
drill  for  radial  adjustment  and,  by  means  of  a 
clamp  and  short  groove,  for  the  longitudinal 
adjustment.  This  longitudinal  adjustment  is 
necessary  in  order  to  swing  the  drill  from  one 
row  of  the  holes  to  another.  The  frame  hold- 
ing the  drill  is  pivoted  at  one  end  and  pro- 
\  idcfl  with  a  long  lever.  l)y  means  of  which  it 
is   h'd   to  and   from   the   work. 

The  drills  used  are  of  the  angular  four- 
cylinder  type,  fitted  with  square  socket  to  ac- 
commodate the  screw  plugs.  They  are  termed 
by  their  manufacturers,  the  Ingersoll-Rand 
Co  ,  "No.  II  C"  A  system  of  compound  gear- 
ing allf)ws  them  a  free  spindle  speed  of  150  r. 
J),  m.   with  great  power;    this  being  computed 
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as  about  995  ft. -lbs.  per  niiti.  Tbe  drills  arc 
controlled  both  forward  and  reverse  by  turn- 
ing the  throttle  handle.  The  air  eonsumption 
is  appro.xiniateiy  55  e  1.  ft.  of  free  air  per 
minute,  but  th'e  operations  are  so  intermittent 
that  it  is  possible  to  use  a  compressor  of  a  lit- 
tle less  than  half  the  aggregate  capacity  o^ 
the  four  drills  running  continuously,  iu  con- 
nection with  a  receiver  of  large  capacity.  The 
compressor  is  an  old  style  Rand  machine.  It 
is  rated  at  98  cu.  ft.  of  free  air  at  140  r.  p.  m. 
The  air  pressure  carried  wdiile  the  drills  are 
in  operation,  varies  from  80  to  60  lbs. 

OPERATION    OF    CAULKING. 

The  drill  frame  is  clamped  over  the  end  of 
the  pipe,  which  is  well  greased  to  allow  of  its 
being  rotated.  Two  men  operate  each  drill. 
The  holes  in  the  row  furthest  from  the  end 
of  the  pipe  are  numbered  consecutively  i,  2,  3, 
4,  the  same  numbers  applying  .to  the  outside 
row  of  holes.  The  drills  are  adjusted  over  the 
holes  numbered  i — the  word  is  given  and  No. 
I  plug  is  withdrawn,  then  Nos.  2,  3  and  4.  A 
helper  hands  four  pellets  to  each  drill  run- 
ner who  inserts  them  in  the  holes  with  the 
screw  plug  on  top  of  them.  When  all  is  ready 
the  screws  are  run  in  and  run  out  again,  begin- 
ning with  No.  I  and  ending  with  No.  4  hole ; 
the  holes  are  again  "loaded"  and  the  opera- 
tion repeated,  this  time  from  No.  4  to  No. 
\  hole,  and  so  on  until  four  pellets  have  been 
forced  into  each  hole.  A  mixture  of  graphite 
and  grease  is  then  forced  into  each  hole,  in 
the  same  manner,  and  permanent  screws  of  a 
different  type  fitted  with  soft  lead  w^ashers 
are  run  in. 

The  second  row  of  holes  is  handled  in  the 
same  manner,  except  that  sufficient  graphite 
mixture  is  forced  in  to  insure  thorough  lubri- 
cation of  the  entire  surface  of  the  joint.  A 
noticeable  expansion  of  the  lead  from  the  bell 
end  can  be  seen,  after  the  first  row  of  plugs 
has  been  driven  in.  The  methods  of  handling 
the  drills  can  be  seen  in  Fig.  3. 

Driving  the  pellets  into  the  row  of  holes 
farthest  from  the  bell  end  first  forces  the  lead 
to  expand  towards  the  bell  end  and  further 
insures  a  thoroughly  tight  joint.  Each  pellet 
measures  9/16  in.  x  l^^  ins.  and  weighs  about 
3  ozs.,  a  total  of  128  pellets,  or  approximately 
24  lbs.,  being  driven  into  each  joint.  The  pres- 
sure within  the  joint  is  estimated  at  22,000 
lbs.     The  whole  operation  takes  about  half  an 


FIG.  4.     APPARATUS  FOR  TESTING  JOINi. 

hour,  though  the  actual  time  for  driving  one 
set  of  four  pellets  and  running  the  plugs  out 
again  averaged  30  seconds. 

TESTING    THE    JOINT. 

The  joint  is  tested  under  the  most  severe 
conditions.  The  joint  is  first  deflected  to  5**, 
the  maximum  it  is  designed  for  being  10°.  A 
testing  machine  is  then  lowered  into  place. 
This,  as  can  be  seen  in  Fig.  4,  is  composed  of 
two  diaphragms,  held  together  by  tie  rods  and 
provided  w-ith  rubber  cup  leathers.  One 
diaphragm  is  adjusted  on  each  side  of  the 
joint  and  water  under  100  lbs.  pressure  is  in- 
troduced. No  leakage  has  been  recorded  up  to 
the  time  of  the  writer's  visit,  testifying  to 
the  thoroughness  of  the  work  and  the  practica- 
bility of  this  type  of  joint.  The  joint  showed 
a  smooth,  well-greased  surface  where  it  was 
deflected.  The  total  number  of  sections  will 
amount  to  about  840.  They  are  being  laid  at 
the  rate  of  four  a  day,  so  that  it  will  take 
the  better  part  of  a  year  to  complete  the  work. 

The  contractors,  the  Merritt  &  Chapman 
Derrick  &  Wrecking  Co..  are  handling  this 
work  in  a  highly  efficient  manner,  as  can  be 
judged  by  the  performance  set  forth  in  the 
foregoing 
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EXPLOSIVES— LOW,  HIGH,  SMOKELESS 

An  explosive  may  be  dehned  as  a  solid  body 
which  under  the  influence  of  heat,  or  shock, 
resolves  itself  instantaneously  into  gaseous 
matter.  Both  chemical  and  physical  forces 
come  into  play  in  this  transformation.  The 
solid  constituents  of  the  explosive  mixture,  on 
ignition  or  detonation,  undergo  chemical 
changes  and  become  gaseous  in  character.  The 
gas  produced  then  expands  under  the  influ- 
ence of  the  great  heat  liberated  by  the  chem- 
ical reaction,  and  requires  many  hundred  times 
the  volume,  or  space,  taken  up  by  the  original 
solid  matter  from  which  it  was  generated. 
The  completeness  of  this  change  determines 
the  value  of  the  explosive  for  military  or  other 
purposes. 

Explosives  may  be  divided  into  two  classes 
known  as  "'low"  explosives  and  "high"  explo- 
sives. In  the  "low"  explosive  the  combustion 
is  started  by  simple  ignition,  and  spreads 
throughout  the  mass  by  the  transfer  of  heat 
from  layer  to  layer.  The  physical  form  of  the 
explosive  and  the  pressure,  determine  the  rate 
at  which  the  decomposition  proceeds.  The 
more  finely  divided  the  grains  of  powder,  the 
more  rapid  is  the  combustion,  and  the  art 
of  preparing  explosives  for  rifle-  and  gun- 
fire consists  in  adapting  the  grades  of  pow- 
der to  the  work  required.  Black  powder  and 
the  allied  smokeless  powders  are  low  explo- 
sives. 

"High"  explosives  require  to  be  "detonat- 
ed," and  for  this  purpose  a  cartridge  of  mer- 
cury fulminate  is  generally  employed.  The 
decomposition  of  the  explosive  after  detona- 
tion proceeds  exceedingly  rapidly  in  the  form 
of  an  explosion  wave.  The  explosives  con- 
taining guncotton,  nitro-glycerine,  and  nitrate 
of  ammonia,  are  included  in  this  class. 

The  original  "black"  powder,  which  may  be 
regarded  as  the  progenitor  of  all  the  later 
forms  of  explosive,  consisted  of  charcoal,  sul- 
phur, and  nitrate  of  potash.  On  firing  this 
mixture,  the  nitrate  of  potash  provided  the 
oxygen  necessary  to  convert  the  charcoal  and 
sulphur  into  gaseous  form,  the  nitrogen  es- 
caped free  or  in  the  form  of  an  oxide,  and 
only  a  slight  deposit  of  potassium  sulphide  and 
sulphate  remained  behind  to  mark  the  place 
where  the  heap  of  black  powder  was  ignited. 
The  ordinary  black  powder  contained  75  per 
cent,   potassium  nitrate.    15  per  cent,  charcoal, 


and  10  per  cent,  sulphur.  Until  a  few  years 
ago  there  were  very  slight  differences  to  be 
found  in  the  composition  of  the  black  powder 
used  by  the  nations  of  Europe  for  military 
purposes ;  in  fact,  only  slight  changes  had 
taken  place  in  its  composition  or  method  of 
manufacture  since  it  was  first  made  by  Ba- 
con in  the  thirteenth  century. 

About  forty  years  ago,  the  introduction  of 
larger  guns  made  it  desirable  to  use  an  ex- 
plosive that  would  be  slower  in  its  action, 
exercise  less  sudden  pressure  on  the  chamber 
of  the  gun,  and  continue  the  driving  power 
up  to  the  moment  when  the  projectile  left  the 
muzzle.  The  "brown  prismatic"  powder  was 
developed  about  this  date,  and  gave  much  bet- 
ter results  than  the  black  powder  previously 
employed  for  these  large  guns.  The  changed 
conditions  governing  the  ignition  of  the  charge 
were  attained  by  using  partially  charred  wood 
in  place  of  charcoal,  omitting  the  sulphur,  and 
compressing  the  mixture  before  issue  into 
large,  dense  prisms  which  ignited  more  slowly 
than    a   powder.  - 

Both  the  brown  and  black  powders,  how- 
ever, produced  smoke,  and  the  next  step  in 
advance  was  to  invent  a  powder  that,  when 
fired,  should  be  smokeless,  and  would  not 
reveal  the  position  of  the  gim.  Vicille,  a 
Frenchman,  in  1884,  succeeded  in  producing 
the  first  really  smokeless  powder  from  gel- 
atinized nitro-cellulose,  or  "guncotton."  Thfe 
powder  was  introduced  and  known  in  the 
French  Service  as  "Poudre  B."  Guncotton  is 
made  from  cotton-waste,  or  cotton-wool,  by 
treating  it  with  a  mixture  of  nitric  and  sul- 
phuric acids.  It  is  what  chemists  term  a 
"substitution"  product,  that  is,  three  atoms  of 
hydrogen  in  cellulose  are  replaced  by  three 
groups  of  atoms,  forming  the  NO^  molecule. 
The  chemical  name  for  guncotton  is,  there- 
fore, tri-nitro-cellulose,  and  its  chemical  con- 
stitution is  represented  by  the  formula,  C,2Hi« 
0,n  (ON02)6-  Its  advantages  compared  with 
ordinary  black  or  brown  gunpowder  are:  A 
greater  explosive  force,  weight  for  weight ; 
the  products  of  combustion  are  entirely  gase- 
ous, therefore  cannot  foul  the  gim ;  it  is  non- 
explosive  when  wet,  and  can  be  safely  trans- 
ported and  stored  in  this  state ;  and,  finally, 
it   is   smokeless   or  nearly   so. 

The  British  War-Office  Chemist,  Abel,  madt 
many  improvements  in  the  manufacture  of 
tri-nitro-cellulose,    and    Nobel,    by    dissolving 
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giincotton  in  nitro-glycerinc,  was  the  lir^l 
to  produce  a  hard  liorn-likc  material,  which 
proved  a  safe   form  to  handle. 

"Cordite"  is  the  form  in  which  guncotton 
is  employed  for  military  and  na\.il  purposes 
in  the  United  Khigdom,  this  name  being  due 
to  its  cord-like  appearance  in  manufacture. 
Cordite  is  composed  of  nitro-glycerine,  nitro- 
cellulose, and  a  mineral  jelly.  The  effect  of 
the  two  latter,  when  employed  in  conjunc- 
tion with  acetone,  is  to  convert  guncotton 
mto  a  plastic  substance  that  can  be  squeezed 
or  rolled  into  any  form  desired,  and  that  be- 
comes hard  and  horn -like  when  dried.  It 
can  be  cut  into  lengths,  and  handled  or  stored 
with  perfect  safety.  When  ignited  it  gives 
out  great  power,  and  exerts  a  uniform  pres- 
sure in  the  chamber  of  the  g.m.  Great  ac- 
curacy has  been  attained  in  its  uT'.nufacture. 
and  its  power  can  be  modified  to  suit  the  re- 
quirements of  the  gun  in  which  it  is  to  be 
fired.  For  rifle  fire  the  maximum  pressure 
allowed  is  20  tons  per  square  inch, — -for  larger 
guns   19  tons  per  square  inch. 

Another  group  of  new  explosives  have 
phenol  (carbolic  acid)  as  their  base,  and  are 
known  as  "picric-acid"  explosives.  They  are 
obtained  from  the  action  of  nitric  acid  upon 
phenol,  and  by  substituting,  as  in  the  manu- 
facture of  gimcotton,  the  NO^  group  up  atoms 
for  the  hydrogen  atoms  of  the  original  com- 
pound. "Melinite"  and  "lyddite"  are  w^ell 
known  forms  of  picric-acid  explosive  used 
by  the  French  and  British  military  authori- 
ties. 

The  latest  form  of  explosive  for  filling  shells 
and  torpedoes  is,  however,  one  of  which 
toluol  is  the  base,  toluol  being  a  methyl  de- 
rivative of  benzol.  By  the  action  of  nitric 
acid  upon  toluol,  substitution  products  con- 
taining three  or  four  NO2  groups  can  be  ob- 
tained. It  is  now  recognized  that  tri-nitro- 
toluol  and  tera-nitro-toluol  are  the  best  ex- 
plosives for  shells  and  torpedoes,  since  they 
do  not  act  on  the  metal  of  the  container  like 
picric-acid  explosives,  and  are  quite  stable 
under  all  conditions.  All  the  countries  in- 
volved in  the  present  war  are,  therefore,  using 
the  nitro-toluol  explosives  in  large  quanti- 
ties, and  the  demand  for  toluol,  which  is  a 
derivative  from  tar,  and,  therefore,  a  by-pro- 
duct of  coal  distillation,  is  likely  to  be  very 
keen  as  long  as  the  war  lasts. 

"Tetra-nitro-aniline,"    another    nitro-substi- 


imioii  product,  derived  from  aniline,  possesses 
most  i)f>wcrful  explosive  properties,  and  is 
douMIess  now  being  employed  by  the  Ger- 
mans ;  while  "ammonal,"  an  explosive  con- 
taining anmionium  nitrate,  aluminum  powder 
and  iri  nitro-toluol,  has  been  employed  by  the 
.'\ustrians  in  shells.  "Turpenite"  is  another 
new  explcj^ive  reported  to  have  most  deadly 
effects  upon  all  forms  of  life.  The  composi- 
tion of  this  explosive  is  not  known,  but,  as 
it  emits  poisonous  fumes,  it  is  probable  that 
cyanides  fprussic  acid  is  a  cyanogen  com- 
pound) enter  into  its  composition.  Turpen- 
ite has  been  tried  experimentally  by  the 
French,  but  it  was  discontinued  because  its 
poisonous  effects  upon  the  air  and  soil  are 
too  deadly  and  too  persistent.  /.  B.  C.  Ker- 
shazv,  in  Engineering  Magazine. 


MF.\SURIXG    P0\\ER    OF    .MR    MOTOIi. 

A  PRONY  BR  ^KE  FOR  TESTING  AIR  MOTORS 

The  halftone  above  shows  a  prony  brake 
device  in  use  in  the  C.,  R.  T.  &  P.  R.  R. 
shop.  Silvis,  111.,  for  testing  air  motors  and 
described  in  the.  American  Machinist  by  E.  A. 
Thanton,  Cincinnati.  A  is  the  motor  being 
tested.  It  is  coupled  to  the  disk  B  which  iSi 
clasped  by  the  brake.  The  air  is  turned  on 
and  the  brake  blocks  are  tightened  on  the  disk 
by  turning  the  star-wheel  C.  The  end  of 
lever  D  rests  on  the  plunger  in  the  oil  cylinder 
E,  the  pressure  exerted  on  the  oil  is  indicated 
by  the  gage  F.  and  from  the  reading  of  the 
gage  the  torque  of  the  motor  and  the  actual 
power  exerted  are  easily  computed  by  the  use 
of  a  constant  multiplier  in  combination  with 
the  speed  of  rotation.  With  the  evidence 
afforded  by  this  device  there  can  be  no  ques- 
tion a?  to  the  working  condition  of  the  tool 
to  which  it  is  applied. 
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CYLINDER  RATIOS  FOR   AIR  COMPRESSORS 

BV     F.     W.     SALMON'. 

Many  steam-driven  air  compressors  have 
to  operate  at  speeds  differing  greatly  from 
ho.-.r  to  hour  to  suit  tlie  demands  for  air. 
This  makes  it  desirahle  to  choose  the  cylinder 
ratios  of  the  two-stage  air  ends  with  great 
care,  so  that  the  machine  miy  operate  stead- 
ily and  smoothly  without  danger  of  stopping 
on  a  dead  center  even  at  the  lowest  speed,  for 
naturally,  a  two-stage  compressor  will  be  chos- 
en in  most  cases  to  secure  economy  in  power 
for  pressures  of  80  lb.  or  higher,  and  in  the 
case  of  large  compressors,  often  for  lower 
pressures. 


_      ^W       80        100        120       140       leo        150       200       2Z0       2*.' 
Di^Chorge  of  Higli  Pressure  Cyiinder  in  Poun^Js  peroqui'-i  I"Ch 

The  curves  show  tlie  volumetric  ratios  re- 
quired for  a  two-stage  air  compressor  taking 
dry  air  at  atmospheric  pressure  at  sea  level 
and  delivering  it  from  the  high-pressure  air 
cylinder  at  pressures  of  60  to  250  lb.  gage, 
both  cooled  and  not  cooled  between  the  cyl- 
inders. Moreover,  they  are  calculated  to  give 
the  same  power  in  the  high-pressure  cylinder 
as   in   the   low-pressure. 

In  various  books  on  compressed  air,  such 
as  that  by  Frank  Richards,  Kent's  "Mechan- 
ical Engineers'  Pocket-Book,"  and  Suplee's 
"Mechanical  Engineers'  Reference  Book," 
are  given  tables  siiowing  the  horsepow- 
er required  C neglecting  friction)  to  com- 
press and  deliver  one  cubic  foot  of  free 
dry  air  per  minute  at  atmospheric  pres- 
sure, to  given  discharge  pressures,  both 
isothermally  (perfectly  cooled  between  the 
cylinders  and  during  the  compression)  and 
adiabatically  (not  cooler!  at  all).  This  given 
horse-power  has  been  divided  e'lually  between 
the  two  cylinders  and  the  mean  effective  pres- 
sures calculated  for  each,  as  well  as  the  re- 
sulting intercooler  pressure,  wliich  nny  be 
taken  as  the  initial  pressure  for  the  high- 
pressure  cylinder.  Hence  the  volumetric  dis- 
placement to  meet  these  conditions  could  be 
readily  calculated  for  several  of  tlie  pres- 
sures given,   including  the  ()0-lb    and   the  250- 


11).,  and  a  smooth  curve  drawn  through  the 
points  so  obtained  on  the  chart.  This  covers 
the  range  of  pressures  needed  in  over  95  per 
cent,  of  the  air  compressors  sold,  and  it 
can  be  read  close  enough  for  all.  ordinary 
work,  because  in  commercial  practice  air  com- 
pressors are  rarely  made  to  bores  of  fractions 
of  an   inch. 

Practically  all  air  compressors  operate  be- 
tween the  limits  shown  by  the  two  curves. 
Even  in  a  single-stage  compressor^  the  air 
is  cooled  somewhat  during  compression,  and 
yet  in  the  best  two-stage  machine  it  is  never 
quite  as  perfect  as  isothermal  compression; 
hence  in  practice  it  is  wise  to  choose  the 
nearest  commercial  cylinder  sizes  that  fall  be- 
tween the  curves  shown  in  the  chart.  Of 
course,  one  should  consider  the  actual  volume 
of  air  displaced  from  each  cylinder  rather  than 
the  piston  displacement,  as  the  cylinder  ratio 
depends  upon  the  volumetric  efficiency  of  each 
cylinder,  which  is  rarely  the  same  for  both 
the  high-  and  the  low-pressure  cylinders.  This 
is  illustrated  in  the  following  example  : 

Assume,  that  in  order  to  deliver  the  air 
required,  a  24-in.  low-pressure  cylinder  will 
be  used  having  a  30-in.  stroke  and  giving  a 
volumetric  efficiency  of  0.90  for  this  stroke 
with  the  type  of  valves  used.  The  size  of  the 
high-pressure  cylinder  is  desired  that  will  dis- 
charge air  at  100  lb.  gage,  with  the  same 
stroke,  but  with  a  different  type  of  valve  which 
will  probably  give  a  volumetric  efficiency  of 
0.85. 

Running  up  the  lOO-lb.  line  the  best  cylinder 
ratios  are  found  to  be  2. 11  not  cooled  or  2.30 
cooled.  As  both  cylinders  are  to  have  the 
same  stroke,  only  the  areas  have  to  be  consid- 
ered ;  hence,  if  .4  represents  the  area  of  the 
low-pressure  piston  in  square  inches  and  a  the 
area  of  the  high-pressure  piston  in  square 
inches,  then, 

A  X  0.90 
a  = 


or 


constant  X  0.85 
452.4  X  0.90 


-r :  208  sq.  in. 


2.30  X  0.85 
say   i6j4    i'l-  diameter    (if  fully  cooled),  and 
452.4  X  0.90 

a  :=-. —  227  sq.  in.  ; 

2.1 1  X  0.85 
say   17  in.   diameter    (if  not  cooled). 
Thus,  there   is   not  much   difference,  and   as 
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explained    above,    actual    practice    will    lie    be- 
tween these  two  curves. 

[The  above  article,  reprinted  from  the  pages 
of  Power,  our  readers  may  take  for  what  it 
may  be  worth.  Why  there  should  be  any 
computations  having  to  do  with  two-stage 
compression  without  intercooling  is  not  quite 
obvious,  since  to  provide  the  opportunity  for 
the  intercooling  is  the  only  practical  reason 
for  the  two-stage  arrangements.  Ed.  C.  A. 
M.]. 


is  to  drill  so  that  the  bulk  of  the  material  will 
enter  the  jaws  of  the  bucket  and  then  cm- 
ploy  a  gang  of  men  to  go  ahead  of  the  sicam 
shovel  and  break  up  all  the  rock  that  is  over- 
size. 

Generally  speaking,  there  are  two  ways  of 
blasting  such  boulders,  i,  e.,  by  applying  sur- 
face blasts  to  the  rock  and  by  exploding 
charges  in  shallow  holes  drilled  in  the  rock, 
the  latter  being  known  as  pop-shooting  or 
block-holing.    In    surface    blasting,    a    stick   of 
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BREAKING  UP  ROCK  FOR  STEAM   SHOVELS 

BY    CHARLES    C.    PHELPS. 

When  a  steam  shovel  encounters  chunks  of 
very  soft  rock  that  are  too  large  to  enter 
the  bucket,  the  simplest  means  of  disposing 
of  them  is  often  by  sledging  and  sometimes 
by  dropping  them  upon  another  rock.  If  the 
rock  is  of  harder  nature,  however,  blasting 
must  be  resorted  to.  In  rock  excavation  work, 
the  material  may  be  shattered  to  such  an  ex- 
tent that  all  subsequent  breaking  will  be  un- 
necessary, if  the  blast  holes  are  spaced  suf- 
ficiently close  and  if  relatively  heavy  charges 
of  explosives  are  employed.  This  procedure 
will,  however,  so  greatly  increase  the  cost 
of  operations  as  usually  to  make  it  prohibi- 
tive.     The   plan    generally   adopted,    therefore. 


dynamite  is  placed  against  the  rock  and,  af- 
ter being  properly  wired  up,  it  is  covet"eci  with 
a  "mud-cap,"  "plaster,"  or  "dobie"  of  mud  or 
miMtar.  Naturally  the  breaking  effect  by  this 
method  is  much  less  than  with  a  charge  in 
the  body  of  the  boulder,  and  the  cost  of  pow- 
der for  blasting  a  rock  of  any  size  in  this 
way  is  very  much  more  than  for  pop-shoot- 
ing. 

Four  ways  of  accomplishing  block-hole 
drilling  are  open  to  the  contractor  or  quarry- 
man,  namely:  (i)  With  sledges  and  hand 
steels ;  (2)  With  mounted  tripod  drills ;  (3) 
With  non-rotating  plug  drills  operating  with 
compressed  air,  and  (4)  With  steam  or  air 
operated  hand  drills  of  the  self-rotating  t>*pe. 

The    last    type     operates     satisfactorily     on 
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steam  as  well  as  on  compressed  air.  Form- 
erly plug  drills  were  not  constructed  to  em- 
ploy any  other  power  than  compressed  air, 
therefore  the  development  of  the  steam  type 
has  greatly  broadened  the  field  of  the  hand 
drill,  one  of  the  most  important  applications 
being  its  use  as  an  adjunct  to  a  steam  shovel. 

In  order  to  compare  the  relative  advantages 
of  the  four  methods,  we  will  consider  an  av- 
erage case  where  the  rock  is  a  very  hard 
limestone  and  where  it  is  necessary  to  drill 
pop-holes  averaging  12  ins.  in  depth.  The 
holes  put  in  by  tripod  drills  would  probably 
be  a  little  over  2  ins.  in  diameter  and  those 
made  by  the  first,  third  and  fourth  methods 
would  probably  be  under  2  ins.  in  diameter, 
but  this  difference  can  be  left  out  of  consid- 
eration because  the  smaller  holes  would  be 
amply  large  for  their  purpose.  The  cost  of 
sharpening  steels  can  also  be  left  out  of  con- 
sideration, for  this  would  be  nearly  the  same 
per  foot  of  hole  in  all  four  cases.  The  wages 
for  drill  operators  range  from  $1.50  to  $4  per 
shift  in  various  parts  of  the  country  and  from 
$1.50  to  $3  per  shift  for  helpers.  We  will 
therefore  use  in  our  calculations  the  average 
wage  of  $2.75  for  drill  runners  and  $2.25  for 
helpers  per  eight-hour  shift. 

A  medium  size  piston  drill  will  require 
about  125  cu.  ft.  of  free  air  per  minute  at  90 
lbs,  pressure,  or  if  operating  on  steam  will  re- 
quire about  eight  boiler  horsepower  at  a  cor- 
responding pressure.  Both  of  the  small  types 
of  hand  drills  will  require  less  than  half  of 
this  amount  of  power.  In  the  most  advanced 
type  of  oil-engine  driven  air  compressor,  air 
can  be  compressed  to  this  pressure  for  a  fuel 
cost  of  about  4  cts.  per  1,000  cu.  ft.,  with 
kerosene  at  8  cts.  per  gallon.  The  cost  of 
steam  at  this  pressure  would  be  about  9/10 
cts.  per  boiler  horsepower  per  hour  with  coal 
at  about  $3  per  ton,  assuming  6  lbs.  of  coal 
required  per  hour  per  boiler  horsepower. 

The  cutting  speeds  referred  to  below  are 
only  approximate,  being  based  on  a  large 
number  of  actual  cases  that  have  come  to  the 
attention  of  the  writer.  The  cutting  speed  of 
five  minutes  per  foot  has  been  applied  to 
cases  two,  three  and  four  to  be  on  the  safe 
side  in  estimating,  although  a  slightly  better 
speed  should  be  attained  in  case  three  and  a 
still  greater  speed  should  result  in  case  four, 
for   reasons   to   be   explained   later. 

Comparing  the  accompanying  estimates  of 
cost,   it  appears  that   drilling  with   sledge  and 


DRILLING    WITH    SLEDGE    AND    STEEL. 

Labor  cast  per  shift,   1  drill  man $2.75 

Labor  cost  per  shift,  2  sledge  men 4.50 

Total    $7.25 

Time    required    to    cut    12-in.    hole,    about, 

minutes     ; 150 

Cost  per   12-in.    hole $0,227 

DKILLIXG     WlTFi    MOUNTED    PISTON 
DRILLS. 

Labor  cost  per  shift.   1  driller $2.75 

Labor  cost  pei-  .sjiift,  1  helper 2.25 

Total    $5.00 

Cost  for  stean)  (assuming  drill  in  actual 
operation  durin-   1^/5  of  shift) 0.23 

Cost   foe  labor  and   steam  per  shift $5  23 

Cost  for  air  (assuming  drill  in  actual  oper- 
ation during  2/.')  of  shift) $0.96 

Time    required    to    cut    12-in.    hole,    about. 

minutes     5.0 

Time  required  to  n.ove  drill  from  pre- 
vious setting  and  to  adjust  (5  to  10 
minutes),  average,   minutes 7S> 

Total  per  liole,   minutes    12.5 

Labor  and   steam   cost  per  12-in.   hole $0,136 

DRILLING    WITH   ORDINARY    PLUG   DRILLS. 

Labor  cost   per  shift,    1   driller $2.75 

Cost  for  ail-  (assuming  drill  in  actual  oper- 
ation during  5/6  of  shift  and  air  con- 
sumption   1/2   of  mounted  drills) 1.00 

Cost  for  labor  and  aii-  per  shift $3.75 

Time  required  to  cut  12-in.  hole,  about, 
minutes   5.0 

Time  required  to  shift  and  for  small  de- 
lays, minutes 1.0 

Total  per  hole,  minutes 6.0 

Labor  and  air  cost  per  12-in.   hole $0,047 

DRILLING      WITH      AUTO^L\TICALLY      RO- 
TATED HAND  HAMMER  DRILLS. 

Labor  cost  per  shift,  1  driller $2  75 

Cost  for  steam  (assuming  drill  in  actual 
operation  10/11  of  shift  and  steam  con- 
sumption  1/2   of  mounted  drills) >  0.26 

Cost   for  labor   and  stean,'  per  shift. ..;.  .$3.01 
Time    required    to    cut    12-in.    hole,    about, 

minutes     5.0 

Time  required  to  shift  position,  minutes...   0.5 

'Total  per  hole,   minutes 5.5 

Labor  and  steam  cost  per   12-in.   hole $0,035 

steel  is  extravagantly  expensive.  Drilling  with 
mounted  drills  is  also  very  expensive  for  this 
class  of  work,  due  mainly  to  the  fact  that  more 
time  is  consumed  in  setting  up  the  drill  than 
in  actual  cutting.  The  choice  of  equipment 
would,  therefore,  seem  to  lie  between  the  two 
types  of  hand  drills.  The  difference  in  cost  of 
operation  between  the  two  latter  types  does 
not  appear  to  be  so  great  from  the  above  esti- 
mate, but  there  are  other  considerations  of 
equal  importance  which  point  to  the  automat- 
ically rotated  hand  hammer  drill  as  the  ideal 
type  for  steam  shovel  work.  In  the  first  place 
it  operates  on  steam  taken  directly  from  the 
boiler  of  the  steam  shovel,  whereas  the  ordi- 
nary plug  drill  is  adapted  for  operation  on 
air  only.  This  eliminates  the  initial  and  up- 
keep   cost    of    a    compressor    mounted    on    the 
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steam  shovel  boiler  or  a  separate  compressing 
plant  and  any  charges  that  there  might  be  for 
attendance  to  such  a  unit.  This  one  consider- 
tion  has  been  the  determining  factor  in  a 
large  number  of  cases  where  the  automatically 
rotated  hand  type  has  been  adopted  for  drill- 
ing pop-holes  in  connection  with  steam  shovel 
excavation.  Another  important  advantage  of 
the  latter  type  is  the  fact  that  the  hole  is 
quickly  started  and  the  steel  is  scarcely  ever 
known  to  stick  due  to  the  positive  rotation 
mechanism.  On  the  contrary,  ordinary  plug 
drills  frequently  cause  trouble  and  delay  in 
these  respects,  especially  when  they  are  oper- 
ated by  inexperienced  workmen,  and  the 
amount  of  muscular  energy  required  to  rotate 
a  plug  drill  back  and  forth  soon  tires  the 
operator,  so  that  he  is  incapable  of  keeping 
up  to  the  pace  which  we  have  adopted  as  our 
standard. 

The  drill  in  the  halftone  has  an  iS-in. 
piece  of  ^-in.  pipe  screwed  into  the  exhaust 
to  carry  the  steam  away  from  the  operator, 
and  wooden  handles  are  fitted  to  the  machine, 
so  the  drill  is  perfectly  comfortable  to  handle. 
In  this  case  there  is  a  6o-ft.  length  of  hose 
and  the  boiler  pressure  gage  registers  about 
no  lbs.  In  other  cases  the  drill  operates  as 
far  as  400  or  500  ft.  away  from  the  shovel. 
In  such  cases  poorer  results  are  to  be  ex- 
pected, especially  in  cold  weather,  due  to  the 
condensation  of  the  steam  in  the  line,  even 
when  it  is  covered  with  insulating  material. 
The  steam  operated  drill  may  be  used  for 
cutting  either  wet  or  dry  holes.  In  the  lat- 
ter case  hollow  drill  steel  is  often  employed, 
together  with  a  special  type  of  throttle  valve  on 
the  exhaust  which  can  direct  the  steam  through 
the  steel  at  the  will  of  the  operator  to  blow 
the  cuttings  out  of  the  bottom  of  the  hole.  It 
is  customary  to  use  a  slightly  smaller  piston 
with  a  drill  operating  on  steam  in  order  to 
allow  for  the  expansion.  Likewise  only  the 
best  quality  of  steam  hose  should  be  used  for 
conveying  the  steam  to  the  drill.  Proper  lu- 
brication is  of  even  greater  importance  when 
operating  with  steam  than  when  using  air  and 
a  heavier  oil  should  be  used  with  a  steam 
drill  than  with  one  using  air.  It  will  pay  to 
remove  the  steel  from  the  chuck  occasionally 
and  squirt  a  few  drops  of  oil  on  the  bottom  of 
the  piston.  This,  in  addition  to  the  regular 
automatic  lubrication,  will  result  in  a  drill  of 
this  type  operating  practically  as  well  with 
steam  as  with  air. 


These  little  machines  use  the  hammer  prin- 
ciple and  operate  at  a  very  high  speed,  per- 
liaps    1,000  blows  per   minute  or   more. 

An  interesting  and  puzzling  case  occurred 
recently  in  which  drills  of  the  self-rotating 
hand  hammer  type  were  condemned  by  a  quar- 
ry superintendent  because  the  steels  were  con- 
stantly getting  stuck.  The  rock  was  a  rather 
soft  limestone  and  a  six-point  drill  bit  was 
used.  The  drill  was  examined  for  defects  but 
none  were  found.  Then  four-point  bits  were 
substituted  and  that  helped  matters  a  little, 
but  the  trouble  continued.  The  bits  were  then 
removed  and  flattened  on  the  bottom  until 
they  were  quite  blunt,  which  resulted  in  end- 
ing the  difficulty.  The  trouble  had  been  due 
to  the  pointed  bits  cutting  so  fast  that  they 
would  soon  become  embedded  in  the  cuttings, 
preventing  the  rotation  of  the  steel  and,  of 
course,  interfering  with  the  action  of  the  pis- 
ton. This  case  is  mentioned  simply  to  show 
that,  in  applying  this  novel  type  of  drill,  dif- 
ficulties may  be  encountered  under  unusual 
conditions,  but  the  exercise  of  a  little  inge- 
nuity in  adapting  the  machine  to  the  condi- 
tions  will   generally   overcome   them   easily. 

The  new  type  has  become  popular  with  the 
drill  runners,  because  they  are  so  much  easier 
to  handle.  In  many  cases  their  adoption  has 
resulted  in  increased  earnings  for  the  men. 
In  one  notable  instance,  where  hundreds  are 
in  operation,  the  drill  runners  are  earning 
nearly  20  per  cent,  more  in  wages  while  the 
profits  of  the  owners  are  increasing  corre- 
spondingly due  to  increased  production  and 
lower   operating  costs. 


DEEPER  DRILLING  GETS  THE  GAS 

By  drilling  abandoned  gas  wells  deeper  the 
Wyckoff  Oil  and  Gas  Co.  has  struck  a  num- 
ber of  paying  gas  wells  near  Kane,  Pa. 
Three  wells,  one  registering  5,000,000  feet, 
another  registering  1,500,000  feet  and  the  third 
registering  1,000,000  feet  have  been  harvested 
by  the  company  quite  recently.  During  the 
last  year  a  number  of  wells  were  drilled  to  a 
depth  of  1,600  feet  without  success.  These 
wells  were  leased  by  the  Wyckoff  company 
and  drilled  to  a  depth  of  2,600  feet  with  won- 
derful results.  As  a  result  of  this  success- 
ful venture  other  companies  are  taking  up 
leases.  The  field  was  regarded  as  a  failure  a 
year  ago,  when  60  gas  wells  were  drilled  with 
unyielding  results. 
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FAILURE  AND  HEAT  TREATMENT  OF  DRILL 
STEEL 

BY    SVEN    V.     BERGH. 

The  development  of  the  hammer-drill  ma- 
chine during  the  past  decade  has  brought  with 
it  high  requirements  for  the  drill  steel.  As  a 
consequence,  the  steel  has  from  time  to  time 
been  much  improved.  However,  to  use  to  the 
best  advantage  the  steel  at  present  on  the 
market,  it  should  be  selected  with  regard  to 
the  work  to  be  done,  and  the  right  treatment 
should  be  applied  when  the  steel  bars  are 
made  into  drills. 

The  steel  generally  used  for  rock  drilling 
may  be  classified  as  carbon  steel;  hence  the 
degree  of  hardness  means  the  percentage  of 
carbon  contained.  Experience  has  proved  that 
the  proper  percentage  of  carbon  is  governed 
chiefly  by  the  hardness  of  the  rock  to  be  drilled 
and  by  the  power  of  the  machine.  E.  Odel- 
berg  says  in  Jernkontorets  Annaler,  1912,  that 
he  seldom  found  among  mining  men  a  right 
understanding  of  the  fact  that  the  harder  the 
rock,  the  softer  must  be  the  steel.  This  is 
due  to  the  fact  that  the  bit  will  not  stand  the 
impact  if  too  hard  a  steel  is  used  to  penetrate 
hard  ground,  the  degree  of  hardening  necessary 
to  improve  the  wearing  qualities  of  the  bit  de- 
pending upon  the  conditions  under  which  it 
has  to  be  used.  The  above  rule  must  also  be 
applied  when  a  heavier  type  of  drill  is  being 
substituted  for  a  lighter  one  and  the  steel  does 
not  seem  to  stand  up  well.     The  ultimate  car- 


bon hardness  being  already  reached,  a  softer 
steel  must  be  tried. 

In  some  drilling  practice,  as,  for  instance, 
when  hand-feed  drills  are  used,  bending  stress- 
es are  likely  to  be  put  on  the  steel.  Additional 
tensile  and  compressive  stresses  are  thus  in- 
duced during  the  period  of  the  blow,  produc- 
ing an  excessive  strain  in  the  steel.  In  such 
practice  a  heavy  size  of  steel  is  to  be  recom- 
mended. 

When  the  steel  is  shanked  it  is  of  import- 
ance to  give  the  shank  sufficient  length  and 
cross-sectional  area.  It  happens  not  infre- 
quently in  mining  fields,  where  a  light  type 
of  drill  has  been  substituted  for  a  heavier  one, 
that  the  old  steel  is  continued  in  use.  This  is 
not  advisable,  for  the  additional  reason  that  it 
necessitates  a  considerable  change  in  the  front 
head  of  the  machine.  The  inconvenience  of 
such  a  practice  is  shown  by  tests  in  the  fol- 
lowing table  taken  from  my  article  in  the 
Journal,  September  26,  1914,  p.  560. 

EFFECTS   OF   NEW   AND   OLD   CHUCK   BUSHINGS   ON 

DRILLING  SPEEDS  OF  INGERSOLL  M.  C. 

32    DRILL. 

Air 

Pressure 

Gage, 

Lb.  per  Sq.  In. 

78 

78 


Front 
Head 
Bushing 
New 
Old 


Net  Time    Depth 
of  Run,      Drilled, 
Minutes       Inches 
3  14-6 

3  12.2 

The  number  of  ruptures  may  sometimes  be 
greatly  reduced  by  giving  the  shank  a  greater 
cross-sectional  area.  In  1911,  tests  were  car- 
ried out  at  a  mine  in  Sweden  to  find  the  eflfect 
of  such  a  change.  The  rock  at  this  particular 
mine  is  exceedingly  hard  to  drill,  as  it  consists 
of  quartz-striped  magnetite  and  hematite  ore 
with  leptite  as  a  country  rock.  During  a 
three-month  period  one  and  the  same  type  of 
drill  was  used.  The  following  results  were 
obtained :  Ordinary  shanks  ruptured,  185,  cor- 
responding to  6277  m.  drilled ;  strengthened 
shanks  ruptured,  four  (171  used  in  all),  cor- 
responding to  700  m.  drilled.  These  figures 
show  a  considerable  improvement  following  the 
use  of  the  heavier  shanks.  Here  it  may  also  be 
mentioned  that  all  abrupt  changes  in  section 
and  sharp  corners  should  be  strictly  avoided. 

So  far  as  water-using  drills  are  concerned, 
when  the  water  is  fed  into  the  steel  through  a 
radial  boring  it  has  proved  an  advantage  to 
drill  the  hole  at  an  angle  of  45**  with  the 
center  hole  of  the  steel,  Fig.   i. 
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To  shape  the  shank  and  the  bit,  the  steel 
has  to  be  upset  at  both  ends.  This  operation 
changes  the  internal  structure  of  the  steel  un- 
favorably, at  the  same  time  producing  in  some 
parts  of  it  the  bad  effect  of  "cold  work,"  due 
to  the  manner  of  applying  the  heat.  Ruptures 
as  shown  in  Fig.  2  are  frequently  seen.  Thus 
to  utilize  the  best  properties  of  the  steel  it  is 
necessary  that  the  upsetting  be  performed  in 
such  a  way  that  the  steel  receives  the  proper 
heat  treatment.  From  this  it  may  be  under- 
stood why  it  is  regarded  good  practice  to 
forge  and  harden  the  bit  in  separate  heats. 

To  obtain  the  finest  grain,  the  bit  has  to  be 
forged  continuously  from  the  highest  temper- 
ature employed  down  to  the  finishing  temper- 
ature, which  probably  is  slightly  above  the 
point  of  recalescehce.  It  is  advantageous  in 
hardening  not  to  treat  it  to  any  higher  tem- 
perature than  necessary.  The  steel  is  liable,  if 
heated  too  high,  to  change  into  a  coarse  crys- 
tallization and  develop  hardening  cracks  that 
may  cause  ruptures. 

The  shank  must  always  be  tempered  prop- 
erly after  being  hardened.  Some  good  hints 
on  this  point  are  found  in  an  article  entitled 
"Hammerdrill  Shanks,"  Compressed  Air  Mag- 
azine,  October,   1914. 

Finally,  it  may  be  mentioned  that  shanks 
sometimes  rupture  longitudinally.  Fig.  3. 
Some  cases  that  were  investigated  showed  that 
the  failure  was  due  to  careless  straightening 
after  the  steel  had  been  upset.  The  center 
hole  of  the  shank  was  thus  oval  instead  of 
round  and  this  later  caused  it  to  rupture  when 
the  steel  was  used. 

Two  kinds  of  rupture  may  be  distinguished, 
namely:  (i)  ruptures  that  appear  as  de- 
veloped from  a  coarse-grained  structure  and 
(2)  ruptures  that  evidently  have  developed 
from  a  partial  break  or  inclosure  in  the  steel. 
In  regard  to  ruptures  of  the  first  class  men- 
tioned, the  opinion  frequently  heard  among 
users  of  drill  steel  is  that  the  crystalline 
texture  often  found  is  due  to  vibrations.  It  is 
not  my  intention  here  to  discuss  whether  such 
an  opinion  is  wrong  or  not,  but  to  call  atten- 
tion to  the  fact  that  the  crystalline  texture 
might  have  been  caused  during  the  manufac- 
ture of  the  steel  bars  by  wrong  or  insufficient 
heat  treatment.  The  crystallized  steel  is 
sometimes  hard  to  restore  completely.  By 
annealing,  the  crystals  may  only  be  more  or 
less   broken    up,    still    maintaining   their   pre- 


vious orientation.  Thus  cleavage  planes  arc 
developed  along  which  ruptures  occur,  giving 
the  appearance  of  a  crystalline  fracture,  al- 
though the  steel  in   reality  is  fine-grained. 

The  typical  fracture  of  the  second  class  is 
as  follows :  A  circular  or  oblong  cavity  or  a 
crack  is  found  at  some  part  of  a  transverse 
section.  This  cavity  or  crack  is  surrounded 
by  concentric  rings  covering  a  certain  portion 
of  the  section,  the  rest  being  more  or  less  cov- 
ered by  an  ordinary  crystalline  fracture,  Fig. 
4.  Mr.  Catlin,  of  Franklin  Furnace,  called  at- 
tention to  ruptures  of  this  kind  at  a  meeting 
of  the  New  York  section  of  the  Mining  and 
Metallurgical  Society  of  America,  in  January, 
1914.  He  stated  that  according  to  his  expe- 
rience these  inclosures  seemed  to  run  through 
the  whole  length  of  the  steel  and  if  it  was 
broken  anywhere,  one  could  expect  to  find 
them.  I  am  also  able  to  state  from  my  own 
investigations  that  this  kind  of  rupture  occurs 
rather   often. 

Similar  ruptures  are  often  found  in  connec- 
tion with  broken  rails.  Two  interesting  articles 
recently  published  upon  this  subject  are  to  be 
found,  one  in  Iron  Age,  Feb.  19,  1914,  and  one 
in  the  Railway  Age  Gazette,  Feb.  6,  1914. 

It  is  of  practical  importance  to  determine 
whether  the  inclosure  mentioned  consist  of 
slag  or  of  sulphide  of  manganese,  the  latter 
usually  occuring  in  the  form  of  round  drops, 
which,  if  large  in  size,  may  be  elongated  by  the 
rolling.  Sulphide  of  manganese  is  best  recog- 
nized by  etching  the  surface  of  the  fracture 
with  a  mixture  of  dilute  hydrochloric  acid  and 
bichloride  of  mercury,  when  the  sulphur  ap- 
pears as  dark  spots.  A  print  also  may  be 
taken  conveniently  by  exposing  the  fracture  for 
four  or  five  minutes  to  a  piece  of  silk  wet  with 
the  solution. 

It  may  be  of  interest  to  many  to  hear  that 
ruptures  have  also  been  found  to  start  from 
groove  marks  on  the  steel,  where  numerals  or 
other  marks  have  been  stamped  by  the  drill 
runner. 

It  is  evident  from  what  is  now  said  that  the 
annealing  of  the  drill  steel  at  intervals  will 
mean  only  a  partial  improvement.  Internal 
strains  produced  by  cold  working  of  the  metal 
afid  coarse-grained  crystals  may  be  effaced,  but 
there  is  no  possibility  of  eliminating  ruptures 
of  the  second  class  metal.  This  is  in  accord 
with  what  has  been  found  at  various  Swedish 
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mining  fields  where  the  practice  is  to  anneal 
drills  every  second  month. 

So  far  as  the  steel  problem  is  concerned,  the 
structure  of  steel  exposed  to  vibrations  has 
proved  to  be  of  utmost  importance.  The  car- 
bitic  structure  has  been  found  to  stand  up 
be$t.  It  is  obtained  either  by  cooling  the  steel 
quickly  through  the  so-called  critical  range 
without  actual  quenching,  or  by  rapid  cooling 
and  then  reheating  to  about  600°  C.  Eng.  & 
Min.  Journal. 


horsepower  per  furnace-day  being  required 
to  heat  the  oil  from  the  line  temperature  to 
the  burning  temperature.  The  oil  is  fed  by 
gravity  (34  lb.,  static  pressure)  through  seven 
burners. 

The  No.  2  reverberatory  furnace,  on  which 
a  scries  of  tests  were  made,  has  the  follow- 
ing dimensions  at  the  skimming  line:  Length, 
132  ft.  ^  in. ;  average  width,  18  ft.  10  in. 
The  air  supplied  to  the  burners  for  atomizing 
and  burning  the  oil  amounts  to  about  10%  of 
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IjOav-Pressure  Oil  Burners — Steptoe  Type 


LOW  PRESSURE  OIL  BURNERS 

The  cut  shows  the  essential  features  of 
low  pressure  oil  burners  used  on  the  rever- 
beratory furnaces  of  the  Steptoe  Valley  Smelt- 
ing &  Mining  Company,  McGill,  Nev.,  as 
described  by  R.  E.  H.  Pomeroy  in  the  Bulle- 
tin of  the  American  Institute  of  Mining  En- 
gineers. The  air  for  these  burners  is  sup- 
plied at  a  pressure  of  only  40  oz.  by  a  motor 
driven  Connersville  blower  of  42-cu.  ft.  ca- 
pacity per  revolution.  The  oil  is  crude  pe- 
troleum having  a  specific  gravity  of  16.5"  B6., 
flashing  in  open  test  at  199"  F.  The  oil  is 
heated  to  about  200*  F.  in  a  steam  heater  be- 
fore going  to  the  furnace,  about  nine  boiler 


the  theoretical  air  necessary  for  complete  com- 
bustion, the  remainder  of  the  necessary  air 
enters  the  furnace  through  the  burner  open- 
ings in  the  firing  wall.  No  checker  holes  arc 
provided  and  the  charge  holes  in  the  roof  are 
equipped  with  slide  gates  and  "dog  houses" 
to  minimize  air  leakages.  The  combustion 
of  the  fuel  is  practically  complete,  the  carbon 
monoxide  in  the  effluent  gases  being  less  than 
0.5%.  The  draft  at  the  firing  end  of  the  fur- 
nace is  0.18  in.  of  water;  in  the  uptake  above 
the  verb  the  draft  is  about  i  in.,  and  in  the 
stack  1.4  in.  The  top  of  the  stack  is  about 
320  ft.  above  the  skimming  line  of  the  fur- 
nace. 
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TURBO  GAS  BOOSTERS 

The  half-tone  above  shows  a  power  house 
interior  of  the  Maryland  Steel  Company,  Spar- 
row's Point,  Md.,  in  which  are  seen  three 
Rateau  Smoot  centrifugal  gas  exhausters  in- 
stalled by  the  Southwark  Foundry  &  Machine 
Co.,   Philadelphia. 

Each  machine  as  here  shown  is  direct 
coupled  to  a  Rateau  steam  turbine,  and  has  a 
normal  capacity  of  900,000  cu.  ft.  per  hour 
when  receiving  by-product  coke  oven  gas  at 
122°  R,  sp.  gr,  .40  to  .50  (at  60"  R,  refer- 
red to  air:=i),  the  gas  being  delivered  to 
the  machine  at  a  pressure  of  10"  water  column 
below  atmosphere  and  discharged,  at  a  pres- 
sure of  3.75  lbs.  per  sq.  in.  above  atmos- 
pheric. 

The  steam  turbines  are  designed  for  a  steam 
pressure  of  90  lbs.  to  the  sq.  in.  and  vacuum 
26  ins.  The  maximum  capacity  may  be  ob- 
tained when  running  non-condensing.  Normal 
speed,  3900  r.  p.  m.  The  Exhausters  are  of 
three-stage  type.     Each  impeller  consists  of  a 


set  of  forged  steel  radial  blades  dovetailed 
into  the  shaft,  forming  a  rotating  element  of 
unusual  strength  and  stiffness.  The  operating 
speeds  are  well  below  the  critical  speed.  The 
passages  and  guide  vanes  are  shaped  to  allow 
the  gas  to  enter  and  leave  the  impellers  with- 
out shock  and  insure  high  efficiency.  With 
this  construction,  also,  end  thrust  is  elim- 
inated. 

The  unit  is  equipped  with  a  constant  suction 
relay  governor  with  36"  bell,  which  regulates 
the  speed  of  the  turbine  to  maintain  a  constant 
pressure  in  the  gas  collecting  main  within  2 
mm.  water  column.  A  centrifugal  fly-ball  gov- 
ernor is  provided  on  the  turbine  shaft,  which 
acts  as  a  speed  limiting  device  and  controls 
the  admission  valve  directly.  Two  exhausters 
are  in  use  constantly,  one  for  rich  gas  and 
one  for  lean  gas  from  the  koppers  by-product 
coke  ovens.  The  piping  is  so  arranged  that 
the  No.  I  machine  handles  rich  gas,  the  No. 
3  machine  handles  lean  gas,  and  the  No.  2 
machine  may  be  used  for  connection  to  either 
gas  main. 
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LEAD  WOOL  AND  PNEUMATIC  CAULKING 

The  following  is  an  abstract  of  a  paper  by 
C.  E.  Reinicker,  of  the  People's  Gas  Light  & 
Coke  Company,  Chicago,  before  the  Illinois 
convention.  The  paper  was  entitled  "The  Use 
of  Lead  Wool  as  a  Jointing  Material,  with 
Especial  Reference  to  a  36-inch  Main,"  and  it 
toid  of  the  experiments  which  led  to  the  adop- 
tion of  lead  wool  and  pneumatic  caulking. 

In  the  first  use  of  lead  wool  by  this  com- 
pany hand  caulking  was  employed,  the  com- 
paratively small  number  of  joints  on  each 
individual  installation  rendering  less  con- 
spicuous the  excessive  cost  which  would  be 
encountered  on  a  long  line  of  street  main. 

The  company  had  experimented  with  pneu- 
matic caulking  in  1908,  but  because  of  the 
crudeness  of  the  apparatus,  unfamiliarity  with 
the  process,  some  prejudice  on  the  part  of  the 
operators  and  also  that  the  joints  on  which 
it  was  tried  were  filled  with  cast  lead,  the 
method  proved  unsatisfactory  and  was  aban- 
doned. The  paper  then  describes  at  consider- 
able length  various  experiences  and  the  re- 
sults of  tests  and  investigations  having  in  view 
the  installation  of  a  new  36  in.  main  more  than 
13  miles  long.  An  experimental  line  equipped 
with  lead  wool  joints  was  found  to  be  the 
only  one  in  which  a  majority  of  the  joints  were 
"bottle  tight." 

With  the  question  of  the  material  decided 
upon,  the  next  step  to  be  considered  was  the 
calking.  Because  of  the  cost  of  hand  calking 
this  method  was  not  to  be  thought  of  in  con- 
nection with  this  long  line,  and  it  was  finally 
agreed  that  pneumatic  calking  was  the  only 
available  method  promising  economy. 

A  complete  and  systematic  organization  of 
the  supervising  and  working  force  was  com- 
pleted before  the  work  was  begun.  An  engi- 
neer was  placed  in  charge  of  the  engineering 
details  of  the  whole  route,  whose  duty  it  was 
to  see  that  proper  grades  were  maintained, 
and  that  obstacles  in  the  line  were  removed. 

Four  gangs  were  organized  for  the  actual 
work,  the  details  being  as  follows :  Foreman 
in  charge  of  the  gang;  apprentice  engineer; 
foreman  of  calkers,  or  inspector  of  joints; 
machinist  in  charge  of  compressor;  time  keep- 
er; tool  keeper;  various  straw  bosses  as 
necessary.  Each  gang  averaged  130  men  and 
had  about  ten  calkers.  For  instructing  those 
men  who  will  be  directly  in  charge  of  the 
work,    a    "course    of    Instruction    for    Street 


Men"  was  started  to  give  the  men  experience 
approximating  actual  conditions;  a  36  in.  joint 
was  used,  made  of  a  short  bell  and  a  short 
spigot  of  pipe.  The  bell  piece  was  cut  into 
two  parts,  the  cuts  being  diametrally  opposite 
and  the  two  halves  then  held  together  by 
bands  running  around  the  pipe  and  fastened 
by  heavy  bolts.  When  a  joint  was  calked  the 
bell  piece  was  then  separated,  thus  exposing 
the  yarn  and  lead  and  immediately  disclosing 
the  character  of  the  work.  Each  pair  of  calk- 
ers was  required  to  calk  two  or  three  joints 
in  one  visit  to  the  shop,  and  returned  for 
further  practice  in  two  or  three  weeks.  From 
March  11  until  April  12  fifty-three  men  re- 
ceived instruction  and  training  in  this  method 
of  calking,  during  which  time  seventy-six 
joints  were  calked  and  four  or  five  tons  of  lead 
wool  were  used.  A  close  record  was  maintain- 
ed of  the  performance  of  each  man,  both  re- 
garding the  time  of  operation  and  the  mate- 
rials used,  and  by  this  method  a  fair  com- 
parison of  the  relative  merits  of  the  opera- 
tors was  made  possible.  To  determine  the 
correct  amount  of  calking  material  which 
should  be  used,  other  36  inch  joints  were  made 
up  with  both  lead  wool  and  cast  lead,  driven 
up  with  pneumatic  tools  and  also  by  hand. 

The  samples  pneumatically  calked  were  uni- 
formly more  dense  and  their  specific  gravities 
nearer  to  the  true  specific  gravities  than  the 
hand  calked  samples.  Also,  the  gravity  of  the 
ring  of  lead  wool  back  of  the  recess  in  the 
bell  was  more  dense  and  its  specific  gravity 
nearer  to  the  true  specific  gravity  than  like 
samples  from  the  cast  lead  joint.  Therefore 
this  test  show^ed  that  the  best  and  most  uni- 
form results  were  obtained  from  lead  wool 
calked  with  pneumatic  hammers. 

Tests  on  the  relative  specific  gravities  of  the 
calked  product  under  a  differing  pressure  at 
the  compressor  show  that  a  specific  gravity 
more  nearly  approaching  the  true  specific  grav- 
ity is  obtained  when  the  pressure  at  the  com- 
pressor is  80  lb.;  or,  in  other  words,  that  a 
more  dense  joint  is  possible  with  this  pres- 
sure than  with  100  lb. 

After  these  tests  it  was  decided  that  the  5 
inch  joint  on  the  36  inch  pipe  should  be  made 
as  follows  :  Three  inches  of  yarn  was  to  be  first 
inserted  and  calked  by  the  pneumatic  ham- 
mers, the  weight  varying  as  the  size  of  the 
joint  varied,  averaging  about  6  or  7  pounds. 
The  remainder  of  the  joint,  2  inches,  was  to  be 
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filled  with  lead  wool,  weighing  about  75  lb. ; 
this  weight  also  depending  upon  the  size  of 
the  joint. 

EQUIPMENT. 

The  portable  compressor  outfit  consisted  of 
a  15  h.  p.  Otto  gasoline  engine,  225  r.  p.  m., 
directly  geared  to  an  N.  E.-i  Ingersoll-Rand 
compressor,  170  r.  p.  m.,  with  a  cylinder  size 
of  8  inches  by  8  inches  and  delivering  76 
cubic  feet  of  free  air  per  minute  at  a  pres- 
sure of  80  to  100  pounds.  Mounted  on  the 
frame  with  the  engine  and  compressor  was  an 
auxiliary  compression  tank  18  inches  by  6  feet, 
and  all  other  accessories,  the  whole  having  a 
shipping  weight  of  7,200  pounds.  Plate  No.  i 
presents  a  comprehensive  view  of  this  outfit. 
In  connection  with  each  outfit  a  storage  tank 
3  feet  by  6  feet  was  provided,  so  that  from 
6  to  8  pneumatic  hammers  could  be  used  at 
the  same  time  by  each  gang,  since  without  this 
tank  only  5  hammers  could  be  used  simultane- 
ously. The  calkers  worked  in  pairs,  each  man 
being  equipped  with  a  15-53  H.  Ingersoll-Rand 
Crown  valve  pneumatic  hammer,  having  a  i^- 
inch  bore  and  a  3-inch  stroke,  and  delivering 
approximately  1800  blows  per  minute.  Fig.  2 
showing  the  hammers.    In  addition  to  the  eight 


hammers  used  on  each  gang  there  were  seven 
additional  ones  supplied,  so  that  a  defective 
hammer  could  be  replaced  without  loss  of 
time.  In  addition  to  his  pneumatic  hammer 
each  calker  was  given  a  set  of  eight  calking 
tools  and  each  pair  of  calkers  was  provided 
with  a  pail  containing  a  hammer  wrench,  a  10 
in.  Stillson  wrench,  an  oil  can,  three  cold 
chisels,  one  hand  calking  hammer.  The  air 
was  carried  in  a  2  in.  steel  pipe  laid  along  the 
side  of  the  trench  about  600  feet  each  way 
unions  every  two  lengths.  At  every  20  feet 
from  the  compressor  and  joined  by  Dart 
a  branch  was  taken  off  this  line,  the  branch 
divided  to  supply  two  air  hose.  Each  of  these 
two  branches  had  a  valve  and  attached  to  it  25 
feet  of  ^2  inch  hose  directly  connected  to  the 
hammers,  this  connection  being  shown  in  Fig. 
3.  By  this  arrangement  it  was  possible  to 
calk  a  large  number  of  joints  without  moving 
the  compressor  and  with  no  appreciable  loss  of 
pressure. 

The  bell  and  spigot  of  the  pipe  were  cleaned 
before  laying,  and  extreme  care  was  used  to 
carry  the  pipe  home.  The  centering  and  block- 
ing were  carefully  done,  so  that  an  even  joint 
would  be  assured  at  all  quarters  of  the  pipe. 
After  this  was  accomplished  a  piece  of  yarn 
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specially  prepared  for  the  purpose  was  tucked 
into  the  joint  to  exclude  the  dirt,  this  yarn  re- 
maining in  place  until  the  calkers  were  ready 
to  begin  work  on  the  joints.  The  yarn  used 
in  calking  the  joint  was  prepared  at  the 
"camp"  and  fastened  in  bundles  of  various 
weights,  this  weight  ranging  about  7  lb. 

The  lead  wool  was  shipped  to  the  gang  in 
sacks  of  100  lb.  each  and  it  was  then  rolled 
into  suitable  lengths  for  inserting  into  the 
joint,  and  definite  amounts  weighed  out.  This 
amount  varied  as  the  diametral  thickness  of 
the  joints  varied,  and  it  was  the  endeavor  to 
provide  as  little  as  possible  over  the  actual 
amount  needed,  to  reduce  the  waste  to  a  mini- 
mum, therefore  if  the  joints  were  averaging 
70  lb.,  75  lb.  was  provided ;  if  they  were  av- 
eraging 75  lb.,  80  lb.  was  provided,  and  so  on. 

The  first  step  in  the  joint  work  was  the  re- 
moval of  the  yarn  which  was  tucked  into  the 
joint  at  the  time  it  was  laid.  After  this  was 
done,  and  as  a  means  of  additional  precaution 
against  dirt,  the  air  hose  was  used  to  blow 
out  any  that  might  have  been  admitted  before 
the  joint  was  protected  by  the  yarn.  The  first 
permanent  yarn,  consisting  of  about  6  strands 
was  then  pushed  into  the  joint.  After  this 
was  in  place  and  any  excess  length  cut  off,  it 
was  calked  with  pneumatic  hammers.  After 
this   first  was  tightly  driven  another  layer  of 


CALKING    TOOLS. 

yarn  was  inserted  consisting  of  8  or  9  strands^ 
the  same  procedure  being  followed  as  in  the 
first  case.  This  method  was  carried  on  until 
the  yarn  came  to  within  the  required  2  inches 
of  the  face  of  the  bell,  at  which  point  the  lead 
wool   was  to  be  started. 

Before  using  the  lead  wool  a  shallow  gal- 
vanized iron  pan  was  placed  under  the  joint 
to  catch  any  waste  that  might  drop  during  the 
calking.  Two  strands  of  lead  wool  were  in- 
troduced all  around  the  joint,  the  calkers  work- 
ing from  the  bottom  upward  and  continuing  ta 
the  top.  When  these  strands  were  driven  up 
and  even,  a  third  strand  was  inserted,  and  so 
placed  as  to  break  joints  with  the  first  rings 
calked.  After  the  joint  was  finished,  the  lead 
wool  and  yarn  that  remained,  together  with  the 
waste  lead  in  the  tray  under  the  joint,  was 
gathered  up  and  returned  to  the  "camp," 
where  it  was  weighed. 

After  a  sufficient  length  of  main  was  com- 
pleted to  warrant  testing,  a  test  was  made,, 
taking  the  air  from  the  compressor.  After  15 
lb.  was  reached,  each  joint  was  carefully  gone 
over  with  soap  and  water.  Since  the  number 
of  the  joint  was  recorded  in  the  name  of  the 
men  who  did  the  work,  it  was  easily  seen 
which  men  were  negligent.  As  a  matter  of 
fact,  except  for  the  first  joints  calked,  few- 
were   found  lacking  under  test. 
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Since  the  number,  of  joints  possible  to  calk 
in  a  (lay  depended  on  the  number  of  feet  of 
pipe  laid,  and  since  this  latter  depended  on 
the  character  of  the  subsoil  encountered,  a 
statement  of  the  number  of  joints  calked  daily 
would  be  of  no  value.  It  was  necessary,  how- 
ever, that  each  gang  should  calk  on  an  aver- 
age 10  joints  per  day  in  order  to  finish  the 
work  on  schedule  time.  There  were  times,  un- 
der favorable  conditions,  when  a  pair  of  calk- 
ers  finished  5  or  6  joints  in  a  9  hour  day;  and 
there  were  also  times  when  it  was  possible 
to  lay  only  3  or  4  lengths,  so  only  one  joint 
was  calked  by  each  pair.  As  a  general  aver- 
age the  time  of  yarning  was  43  minutes  and 
that  of  calking  i  hour  and  14  minutes.  It  was 
found  advisable  not  to  use  any  lead  wool  that 
had  become  wet,  therefore  a  canvas  cover 
was  provided  for  each  bell  hole  for  protecting 
the  men  and  the  lead  during  a  slight  fall  of 
rain,  and  also  to  provide  a  shelter  for  the 
calkers  from  the  sun  during  the  heat  of  the 
day.  Rainy  days  were  used  to  test  the  line 
laid,  if  this  were  possible,  and  on  this  phase 
of  the  work  some  interesting  figures  were 
obtained.  It  required  two  compressors  2  hours 
and  45  minutes  to  fill  2,568  feet  of  main  and 
one  compressor  4  hours  and  30  minutes  to  fill 
2,028  feet  of  main  with  air  at  a  pressure  of 
15  pounds. 

REPORTS    AND    FIGURES    ON    WORK. 

To  keep  accurate  records,  daily  reports  on 
each  gang  were  filled  out  by  the  apprentice 
engineer.  The  total  number  of  joints  calked 
was  5,917.  The  average  cost  per  joint  was 
$7.46,  divided  into  $1.04  for  labor  and  $6.42 
for  material.  The  average  weight  of  the,  ma- 
terial used  in  each  joint  was  6.2  pounds  of 
yarn  and  72.4  pounds  of  lead  wool.  The  total 
number  of  feet  of  pipe  laid  was  69,553,  at  an 
average  cost  of  $7.09  per  foot.  The  cost  fig- 
ures are  actual  shop  costs  determined  from 
the  daily  reports  and  do  not  contain  any  over- 
head expenses. 

After  this  main  was  finished  and  gas  at  5 
pounds  pressure  put  into  it,  everyone  connected 
with  the  work  waited  with  an  air  of  expect- 
ancy for  complaints  of  leaking  joints,  and  it 
was  with  incredulity  and  amazement  that  it 
was  seen  the  main  held  tight,  but  one  break 
developing.  Several  stretches  of  this  line  have 
been  exposed  through  other  main  operations, 


MEN    AT    WORK. 

in  all  about  150  joints  being  uncovered  at  dif- 
ferent points,   and  they  are   without  a   fault. 

Practically  the  entire  36-inch  main  was  laid 
with  lead  wool  furnished  by  the  New  York 
Lead  Wool  Co.,  only  enough  of  the  product 
of  the  United  Lead  Co.  being  used  for  ex- 
periment. The  product  of  each  of  these  com- 
panies was  entirely  satisfactory,  there  being 
little  choice  between  them.  Specific  gravity 
tests  showed  that  each  was  composed  of  lead 
of  a  high  grade  of  purity,  and  when  calked 
closely  approached  the  true  specific  gravity 
of  the  fused  metal.  The  change  from  the  use 
of  lead  wool  furnished  by  the  New  York  Lead 
Wool  Co.,  to  that  of  the  United  Lead  Co.  was 
entirely  due  to  the  fact  that  the  product  of 
the  latter  company  was  supplied  in  continuous 
strands,  coiled  on  reels.  This  aided  in  elim- 
inating waste  and  provided  an  easier  means 
for  transportation  and  handling. 
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A  minor  change  has  been  made  in  the  com- 
pressor outfit,  in  connecting  the  auxiliary  stor- 
age tank  to  the  compressor  by  means  of  a 
metallic  hose,  thus  eliminating  vibration.  Air 
is  maintained  at  100  lb.  in  the  tank,  the  outlet 
having  a  reducing  valve  which  cuts  the  pres- 
sure to  75  lbs.  By  this  means  it  has  been 
found  that  a  more  uniform  supply  could  be 
maintained  when  all  the  hammers  were  oper- 
ating, and  also  obtaining  better  joints  with 
the  lower  pressure. 

The  efficiency  which  may  be  obtained  through 
the  use  of  lead  wool  and  pneumatic  calking  on 
large  lines  of  bell  and  spigot  pipe  which  are 
to  convey  gas  at  even  moderate  pressures 
should  strongly  commend  it  to  gas  engineers. 


AN  AIR   LIFT  PIPE  THAT  WILL  NOT  CLOG 

It  is  not  uncommon  in 
using  an  air  lift,  to  de- 
liver the  air  through 
radial  perforations  in 
the  air  pipe  near  its  bot- 
tom. Trouble  is  some- 
times exl)erienced  in 
such  cases  by  the  clog- 
ging of  the  perforations 
with  precipitate  or  scale. 
E.  M.  Ivens,  writing  in 
Poiver,  describes  a  meth- 
od of  avoiding  this  diffi- 
culty. A  section  of  pipe 
is  added  to  the  line  be- 
low the  perforations,  as 
illustrated,  and  the  low- 
er end  left  unplugged. 
Thus  any  scale  or  dirt 
is  allowed  to  escape 
downward  while  the  air 
follows  the  path  of  least 
resistance  through  the 
perforations.  Should  the 
perforations  eventually 
become  clogged,  the  air 
will  still  have  a  path 
open  at  the  lower  end. 
Its  use  of  this  path  will 
allow  the  lift  to  operate, 
but  will  be  detected  on 
the  gage.  The  operator 
can  then  clean  the  pipe 
when  most  convenient. 
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A  NOVEL  AIR  COMPRESSOR  STUNT 

The  operating  plant  of  the  Canadian  Min- 
ing &  Finance  Company,  Timmins,  Ontario, 
comprising,  mine  hoist,  air  compressor,  under- 
ground pumps  and  concentrating  mill,  is  all 
to  be  operated  electrically,  current  being  sup- 
plied from  an  outside  source.  To  guard  against 
possible  delays  and  to  ensure  constant  opera- 
tion an  additional  steam  power  plant  was  con- 
sidered for  emergent  use.  This  would  have 
required  not  only  steam  boilers  but  also  steam 
engines  of  adequate  power  and  electric  gener- 
ators, but  in  this  case  only  the  boilers  will  be 
required  on  account  of  the  two-fold  function 
to  be  assumed  by  the  compressor  and  its  mo- 
tor. 

The  compressor  is  a  two-stage  cross-com- 
pound Nordberg  machine  of  not  unusual  type, 
having  cylinders  Z7  and  22  in.  diameter  by  31 
in.  stroke  with  mechanically  operated  Corliss 
valves,  both  for  inlet  and  discharge.  It  is  to  be 
driven  by  a  25  cycle  synchronous  motor  at 
105  r.  p.  m.  By  a  slight  readjustment  of  the 
valves,  some  changes  of  connections  and  a  re- 
versal of  rotation  the  compressor  is  converted 
into  a  steam  engine  and  the  motor  becomes  a 
generator  supplying  current  for  driving  every- 
thing as  before  except  that  of  course,  so  far 
as  the  story  goes,  there  is  no  longer  any  supply 
of  compressed  air,  and  for  a  mining  operation 
the  air  would  seem  to  be  quite  a  necessity. 


MANY  USES  FOR  LIQUID  AIR 

That  the  liquefaction  of  air  is  no  longer  a 
mere  laboratory  achievement  is  far  from  be- 
ing generally  realized.  Many,  even  accom- 
plished engineers,  are  astonished  when  in- 
formed that  it  is  now  an  important  industrial 
process. 

ENORMOUS     PRODUCTION. 

Yet  it  is  certain  that,  from  the  plants  al- 
ready in  existence  on  the  Linde  and  Claude 
systems,  there  must  be  produced  well  over 
30,000  gallons  of  liquid  air  hourly.  Of  this 
output,  by  far  the  greater  part  is  utilized  in 
the  production  of  pure  oxygen.  But  a  rapidly 
increasing  number  of  installations  are  being 
put  down  for  the  manufacture  of  nitrogen, 
while  the  neon  which  is  readily  extracted  as  a 
by-product,  is  finding  a  useful  application  in 
industrial  lighting.  Experiments,  giving  good 
results,  have  also  been  made  with  liquid  oxy- 
gen  explosives;    and   a   number  of  liquid-air 
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plants  have  been  put  down   for  the  production 
of   hydrogen. 

The  separation  of  the  oxygen  and  nitrogen 
is  eflfected  by  liquefying  the  air  and  re-evap- 
orating it  slowly.  The  difference  in  the  boiling 
points  of  the  oxygen  and  nitrogen  causes  most 
of  the  nitrogen  to  come  off  as  a  gas,  and  most 
of  the  oxygen  to  remain  behind  as  liquid.  A 
special  form  of  rectifying  tower  enables  the 
separation  to  be  completed.  In  the  manufac- 
ture of  oxygen,  the  liquid-air  process  has  su- 
perseded almost  all  others,  chiefly  owing  to  the 
low  cost  of  production  which  it  permits. 

OXY-ACETYLENE    BLOW-PIPE. 

•The  increase  in  the  consumption  of  oxygen 
is  almost  entirely  due  to  the  successful  ap- 
plication of  the  oxy-acetylene  blow-pipe  for 
welding  and  cutting  metals.  In  191 1  the  con- 
sumption of  oxygen  in  Germany  was  150,000,- 
000  cubic  feet,  in  France  100,000,000  cubic 
feet,  and  in  England  about  two-thirds  of  that 
amount,  and  it  is  estimated  that  at  least  90 
per  cent,  of  these  totals  was  used  for  oxy- 
acetylene  work,  about  one-half  of  this  amount 
for  welding  and  one-half  for  cutting.  There 
are,  it  is  stated,  some  fifty  liquid-air  oxygen 
plants  at  work  on  the*  Continent  of  Europe, 
and  the  British  Oxygen  Company  in  this  coun- 
try has  all  of  its  eight  factories  equipped  in 
this  fashion.  But  in  the  United  States  only 
five  liquid-air  oxygen  plants  had  until  re- 
cently been  put  down,  although  there  are  in 
operation  at  least  two  electrolytic  installa- 
tions. 

NITROGEN    FOR    FERTILIZERS. 

The  market  for  nitrogen  among  makers  of 
artificial  manures  is  a  large  and  growing  one, 
and  in  supplying  it  liquid-air  plants  seem  des- 
tined to  be  brought  more  and  more  into  use. 
At  present  the  world's  consumption  of  nitro- 
genous fertilizers  is  upwards  of  4,000,000  tons 
annually,  and  it  appears  certain  that  this  figure, 
as  virgin  soils  become  exhausted,  and  the 
natural  sources  of  supply  in  Chile  diminish, 
will  be  greatly  exceeded.  Even  as  it  is,  liquid- 
air  plants  are  in  existence  whose  combined  ca- 
pacity will  produce  enough  nitrogen  to  make 
250,000  tons  of  calcium  cyanamide  yearly. 

Formerly  the  nitrogen  for  this  process  was 
all  supplied  from  the  Birkeland  and  Eyde 
plants,  which  extract  it  from  the  air  by  elec- 
trical deposit.  The  efficiency  and  cost  of  work- 
ing of  the  Birkeland  and  Eyde  process,  how- 
ever, compare  very  unfavorably  with  those  of 


liquid  air.  The  cyanamide,  as  is  well  known, 
is  made  on  the  Frank-Caro  principle,  by  pass- 
ing pure  gaseous  nitrogen  through  retorts 
containing  calcium  carbide,  iieatcd  to  about 
800  degrees  Centigrade,  For  this  purpose  a 
purity  of  0.997  is  demanded,  and  a  purity  of 
0.998  and  over  has,  on  the  Claude  and  Lindc 
processes,  been  obtained.  On  the  Claude  sys- 
tem nitrogen  selling  at  I  franc  can  be  pro- 
duced for  50  to  60  centimes  per  kilogramme. 

Liquid  air  is  also  used  indirectly  in  connec- 
tion with  at  least  two  other  nitrogen  processes, 
in  which  it  is  necessary,  or  at  least  advantage- 
ous, to  use  an  excess  of  oxygen.  The  more 
important  of  these  is  the  Birkeland  and  Eyde 
method  of  extracting  the  nitrogen  from  the 
atmosphere  by  electrical  deposit.  In  this  pro- 
cess it  has  been  found  that  if,  instead  of  air, 
a  mixture  of  nitrogen  and  oxygen  in  equal 
volumes  is  used,  a  yield  may  be  expected  of 
at  least  625  kilogrammes  of  nitric  acid  per 
kilowatt-year,  instead  of  only  500  as  at  pres- 
ent. 

The  other  process,  due  to  Haeusser,  de- 
pends on  the  fact  that  after  combustion  at  a 
high  temperature — by  an  explosion  of  gas,  for 
example — a  part  of  the  nitrogen  in  the  air 
burns,  and  remains  oxidized,  if  the  explo- 
sion is  instantaneously  followed  by  rapid  cool- 
ing. In  this  process  also  it  has  been  found 
that  an  excess  of  oxygen  in  the  air  has  large 
effects  on  the  yield  to  be  expected. 

Finally,  nitrogen  made  by  the  liquid-air  ap- 
paratus has  found  a  use  in  the  manufacture 
of  aluminum  nitride  from  bauxite  (ALO3). 
The  nitrogen  is  passed  over  a  mixture  of 
three  volumes  of  charcoal  to  one  of  bauxite, 
heated  to  whiteness,  and  the  nitride  and  car- 
bon monoxide  are  produced.  For  supplying 
the  nitrogen  for  this  process  a  Claude  plant, 
with  a  capacity  of  300  cubic  meters  per  hour, 
has  recently  been  put  down  in  France. 

In  the  manufacture  of  hydrogen  the  liquid  air 
does  not,  of  course,  form  the  raw  material,  but 
is  used  externally.  The  raw  material  is  water- 
gas,  the  composition  of  which  is  48  to  54  per  cent 
hydrogen.  42  to  44  per  cent,  carbon  monoxide, 
2  to  5  per  cent,  carbon  dioxide,  3  to  5  per 
cent,  nitrogen.  Carbon  dioxide  is  easily  re- 
moved by  absorption  in  lime,  and  since,  of  the 
remaining  constituents,  hydrogen  has  by  far 
the  lowest  boiling  point  (—  253  degrees  Cen- 
tigrade), it  can  easily  be  separated  by  lique- 
fying the  other  gases  with  liquid  air,  and  al- 
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lowing  the  hydrogen  to  escape  as  a  gas  into 
a  suitable  holder.  The  liquefied  mixture, 
which  is  mainly  carbon  monoxide,  is  conveyed 
to  an  internal-combustion  engine,  and  thus 
serves  to  develop  the  mechanical  povvrer  neces- 
sary to  drive  the  installation.  Suitable  inter- 
changers  are  provided,  as  in  the  liquid-air 
plants  for  economizing  the  cooling  effect.  The 
process  is  due  to  Messrs.  Linde.  Frank  and 
Caro. 

USES    OF    HYDROGEN'. 

The  outlet  for  the  hydrogen  is  chiefly  for 
"the  conversion  of  oils  into  the  fats  required 
in  soap  and  margarine  making,  etc.  It  is  also 
employed  for  hiflating  balloons,  and.  in  the 
manufacture  of  metallic-filament  lamps,  for  the 
envelopment  of  the  filament  during  its  prep- 
aration and  reduction ;  and  recently  a  Linde 
plant,  with  a  capacity  of  2,000  cubic  meters 
per  hour,  has  been  put  down  by  the  Badische 
Anilin  for  use  in  the  manufacture  of  synthetic 
ammonia. 

An  advantage  of  the  liquid  air  over  the  elec- 
trolytic process  is  that  excess  hydrogen  passed 
through  the  oils,  and  thereby  rendered  im- 
pure, and  hydrogen  that  has  become  diluted 
with  air  in  balloon  work,  can  be  returned  to 
the  apparatus  and  readily  purified  by  conden- 
sation of  the  foreign  matters.  In  addition  to 
hydrogen,  nitrogen  has  been  used  extensively 
for  the  envelopment  of  the  metallic  filaments 
during  their  manufacture,  but  it  is  expected 
that  both  of  these  gases  will  be  replaced  by 
argon,  which  can  readily  be  produced  from 
the  liquid-air  apparatus  as  a  by-product.  Ar- 
gon may  even  be  utilized  in  lighting  tubes,  sim- 
ilar to  the  neon  tubes  about  to  be  described. 

NEON. 

Nitrogen  and  oxygen  are  naturally  the  two 
principal  products  of  the  liquid-air  process, 
but  neon — once  regarded  as  a  rare  gas — is 
produced  as  a  residuum  from  the  Claude  ap- 
paratus in  no  inconsiderable  quantities.  In 
fact,  from  a  plant  with  a  capacity  of  50  cubic 
meters  of  oxygen  per  hour,  about  100  liters 
are  produced  per  day,  the  proportion  present 
in  the  atmosphere  being  i  in  66,000.  It  is 
well  known  that  neon  offers  an  exceptionally 
small  resistance  to  the  passage  of  the  electric 
discharge.  This  property  inspired  M.  Claude 
with  the  idea  of  using  the  gas  obtained  from 
his  apparatus  in  lamps,  similar  to  the  Moore 
nitrogen  tubes,  and  after  some  difficulties  he 
has  met  with  a  fair  measure  of  success.  Neon 


lamps  made  by  him  were  used  to  illuminate 
the  colonnade  of  the  Grand  Palais  des  Champs 
Elysees  on  the  occasion  of  the  Automobile 
Exhibition  in  1910,  and  fifty  of  his  neon 
tubes,  each  6  meters  long,  decorated  the 
church  of  St.  Ouen  at  Rouen  during  the 
fetes  of   the   Norman    Millenary. 

EXPLOSIVES. 

The  use  of  liquid  oxygen  in  explosives 
promises  to  be  considerably  developed  in  the 
future.  In  the  early  experiments  of  Linde, 
the  liquid  containing  50  per  cent,  of  oxygen, 
which  was  obtained  from  his  original  appa- 
ratus, was  poured  on  to  fragments  of  wood 
charcoal  from  2  to  4  millimeters  in  size.  The 
fragments  were  kept  from  scattering,  as  the 
liquid  boiled,  by  making  them  into  a  sponge 
with  one-third  their  weight  of  cotton-wool. 
In  more  recent  experiments,  at  the  cutting 
of  the  Simplon  Tunnel,  a  mixture  in  equal 
proportions  of  carbon  and  petroleum,  which 
took  up  eight  parts  of  liquid  oxygen,  was 
used  with  some  success,  and  lately  excellent 
results  have  been  obtained  by  Messrs.  Claude 
and  D'Arsonval  working  in  collaboration  for 
the  French  Government.  The  chief  object 
of  their  investigations  was  to  produce  an  ex- 
plosive which  gave  rise  to  no  injurious  gases. 
For  this  purpose  a  mixture  of  powdered 
aluminum,  with  an  excess  of  liquid  oxygen, 
was  tried,  with  a  very  encouraging  success, 
and  the  explosive  was  found  to  be  equal  to 
twice  its  weight  of  gunpowder.  Further  ex- 
periments by  the  same  investigators  with  car- 
bon-oxygen explosives  show  that  these  have 
the  same  power  as  dynamite,  and,  as  the  cost 
of  each  of  the  constituents  is  less  than  two 
cents  per  pound,  it  is  predicted  that  the  new 
explosive  will,  as  soon  as  further  experiments 
are  completed,  be  widely  used.  The  principal 
difficulty  in  the  way  of  its  adoption  is  the 
transportation  of  the  liquid  oxygen,  but  this 
should  shortly  be  overcome. — Engineering, 
London. 


Official  announcement  has  been  made  by  the 
Bureau  of  Mines  that  the  cost  of  production 
of  the  300  milligrams  of  radium  bromide  it 
has  so  far  made  was  at  the  rate  of  $60,000  per 
gram  ($1,700,000  per  oz.  Avoirdupois)  and 
this  is  said  to  be  a  marked  reduction  from  the 
prices  formerly  prevailing  in  the  open  mar- 
ket. 
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THE  PANAMA  PACIFIC  EXPOSITION 

It  might  easily  be  charged  against  Com- 
pressed Air  Magazine  that  it  has  not  done  its 
duty  in  the  way  of  promoting  the  publicity  of 
the  great  international  exposition  now  getting 
into  full  swing.  In  fact  the  gigantic  enterpri!se 
has  been  scj  long,  so  voluminously  and  so  eHi- 
ciently  advertised  that  our  help  was  not  need- 
ed, even  if  it  could  have  been  of  any  account. 
No  world's  exposition  has  ever  made  larger 
promises  and  none  has  more  magm'ficently  ful- 
filled them. 

The  exhibition  occupies  two  and  a  half 
miles  of  the  water  front  of  the  Golden  Gate 
with  a  range  of  green  hills  for  a  back  ground 
when  viewed  from  the  waters  of  the  bay,  and 
here  are  picturesquely  grouped  a  collection  of 
great  buildings  upon  which  have  been  lavished 
the  skill  of  great  architects  and  the  decorative 
resources  of  the  artists  in  color  and  form.  On 
one  side  or  end  of  the  show  proper  are  the 
buildings  erected  by  the  different  States  of  the 
Union  and  foreign  countries  represented  at  the 
fair,  with  race  track  and  fields  for  aviation  and 
outdoor  sports,  and  at  the  other  is  a  region 
called  The  Zone,  given  over  to  popular  amuse- 
ment patrons. 

All  this  is  merely  the  outside.  There  are 
80.000  exhibitors  represented  on  the  grounds,' 
and,  rather  curiously,  it  is  stated  that  the  total 
weight  in  exhibits  handled  by  the  traffic  de- 
partment is  80,000  tons.  There  is  practically 
no  limit  to  the  range  and  variety  of  the  exhib- 
its. All  interests  and  tastes  will  be  catered  to 
and  none  can  go  empty  away.  The  things  which 
would  have  been  shown  but  have  been  held 
back  by  the  war  will  scarcely  be  missed  in  the 
mass  actually  presented. 

There  is  every  promise  of  a  record  breaking 
attendance.  The  foreign  visitors  may  be  few 
indeed,  but  those  who  have  been  kept  away 
will  be  outnumbered  many  times  over  by  these 
from  this  side  who  in  a  normal  year  would 
have  visited  Europe  but  now  will  go  to  the  Pa- 
cific Coast  instead.  Not  least  among  the  things 
accomplished  by  the  exposition  will  be  the  im- 
pulse given  to  many  Americans  to  see  their 
own    country. 

Most  notable  will  be  the  official  meetings  of 
organizations  of  every  type.  There  will  be  the 
Engineering  Congress  and  the  individual  gath- 
erings of  the  various  technical  societies.  Near- 
ly four  hundred  state,  national  and  interna- 
tional  associations   have   signified   their   inten- 
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tion  to  hold  conventions  and  reunions  at  San 
Francisco  during  the  season,  and  for  these  am- 
ple accommodations  have  been  provided.  Most 
of  these  will  be  held  in  the  special  Convention 
Hall  on  the  grounds,  but  there  will  also  be 
many  important  and  interesting  gatherings  in 
the  State  buildings  and  elsewhere.  This  op- 
portunity of  a  lifetime  strongly  appeals  to  every 
American,  and  in  fact  to  every  one  in  touch 
with   modern   civilization. 


NEW  BOOK 

Tunneling,  Short  and  Long  Tunnels  of 
Small  and  Large  Section  driven  through  Hard 
and  Soft  Materials,  by  Eugene  Lauchli,  24S 
pages,  6  by  9  in.  nearly  200  illustrations,  Mc- 
Graw-Hill Rook  Company,  New  York.  Price 
$3.00. 

This  is  an  excellent  work  prepared  by  an 
engineer  of  wide  experience  both  in  the  United 
States  and  in  Europe,  who  has  the  faculty  of 
orderly,  concise  and  comprehensive  presenta- 
tion without  the  introduction  of  any  extran- 
eous matter.  The  work  is  composed  to  a 
large  extent  of  results  of  personal  observations 
and  studies,  together  with  data  collected  from 
direct  and  reliable  sources.  It  adheres  strictly 
to  the  one  topic  and  presents  genuine  informa- 
tion and  reliable  records  of  tunneling  actually 
accomplished.  It  also  fully  discusses  means 
and  methods  and  deduces  practical  reasons 
for  their  selection  and  adoption  under  differ- 
ent  conditions.  W.   L.   S. 


THE    ADVERTISING    PAGE    AND  ITS  VALUE 
TO  THE  READER 

HV   CH.\S.    A.    HIRSCHBERG. 

It  has  been  aptly  said  that  "Salesmanship 
is  the  Sale  of  Goods  for  Profit."  It  should 
be  for  the  profit  of  both  the  buyer  and  the 
seller;  the  buyer  first  of  all.  Before  the 
maker  can  hope  to  profit,  the  goods  must  profit 
the  user. 

Advertising  from  the  reader's  angle,  is  the 
means  by  which  he  is  put  in  touch  with  an  ar- 
ticle for  which  he  has  need.  From  the  manu- 
facturer's viewpoint,  it  is  the  means  by  which 
he  makes  known  to  the  reader  that  he  has 
something  to  sell  that  will  profit  him  in  his 
work,  whether  it  be  a  new  device  or  a  bet- 
ter way  to  utilize  an  old  one. 

Advertising  has  a  big  mission  to  perform. 
It     disseminates     infr)rmrition     and     increases 


knowledge.  It  informs,  interests,  educates  ancE 
inspires.  It  tells  the  reader  of  new  develop- 
ments in  the  field  of  manufacture.  Something, 
new  is  being  discovered  every  day.  For  in- 
stance, the  Jackhamer  drill  is  a  far  different 
and  better  machine  than  the  reciprocating  drill 
of  yesterday.  It  has  effected  a  decided  in- 
crease in  the  speed  of  drilling  rock  for  blast- 
ing. In  many  cases  it  has  almost  doubled  the 
progress  formerly  possible,  and  at  the  same 
time  has  lowered  the  items  of  labor  and  power 
cost. 

It  was  the  advertising  page  that  first  put 
yon  "wise"  to  this  wonderful  little  tool,  and 
the  same  is  true  of  a  large  percentage  of  your 
mine  equipment. 

Advertising  interests  because  of  the  part  it 
plays  in  informing  the  readers  of  the  progress 
John  Jones  is  making  on  work  akin  to  his 
own.  In  that  way  it  educates  him  in  better 
means  and  ways  of  doing  things,  and  it  in- 
spires the  emulation  of  the  successful  neigh- 
bor. 

It  is  incumbent  upon  the  subscriber  to  read 
the  advertising  page  and  to  study  it  carefully^ 
for  tomorrow  may  bring  forth  a  better  Jack- 
hamer drill ;  something  with  which  to  sup- 
plant the  thing  of  today,  making  that  job  more 
quickly  accomplished,  safer  and  at  a  lower 
cost. 

Advertising  tells  how  to  economize ;  how  to 
increase  production  and  how  to  conserve  re- 
sources. It  goes  further.  It  is  the  acid  test 
of  quality,  for  a  poor  article  cannot  survive  the 
test  of  continuous  publicity  any  more  than  it 
can  stand  close  personal  inspection,  therefore 
advertising,  extensive  and  persistent,  is  in  the 
nature  of  a  guarantee  of  quality.  It  shifts 
the  responsibility  of  selection  from  the  pur- 
chaser's shoulders  onto  the  advertiser.  It  is 
an  insurance  against  misrepresentation  and 
against  trouble. 

When  you  buy  advertised  goods  you  don't 
buy  blindly,  for  you  are  enabled  to  choose 
your  purchase  from  the  entire  manufacturing 
'k'id.  In  other  words,  it  is  like  dealing  with 
a  big  deffartment  store,  with  its  extensive  lines 
of  goods  from  which  to  choose. 

Advertising  has  brought  the  four  corners  of 
the  world  into  intimate  relation  with  each 
other.  The  man  in  Alaska  is  told  how  the 
man  in  Arizona  does  things  and  the  kind  of 
equipment  he  uses  to  obtain  his  results.  The 
mar.   in   California  profits  through  the  knowl- 
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c'clj.5e  the  advertising  page  conveys  of  a  new 
and  better  drill,  compressor  or  drill  sharp- 
ener, built  perhaps  in  Pennsylvania,  New 
York,  or  some  other  corner  of  this  big  coun- 
try of  ours. 

You  may  not  need  the  article  immediately, 
but  in  reading  the  advertising  page  you  arc 
fortifying  yourself  against  tomorrow,  against 
the  inevitable  day  when  the  march  of  time 
and  progress  will  demand  the  adoption  of  oth- 
er means  and  other  methods  to  successfully 
cope  with  your  problems. 

The  very  fact  that  you  are  willing  to  pay 
$1,  or  whatever  the  subscription  price  may  be, 
is  an  indication  that  you  read  the  text  pages 
with  the  object  of  keeping  in  touch  with  your 
field,  for  unless  you  do  yo.i  are  not  getting 
the  worth  of  your  subscription  price.  But,  on 
the  other  hand,  are  you  really  getting  your 
money's  worth  if  you  neglect  the  advertising 
pages? 

Good  advertising  vies  with  the  text  pages 
in  point  of  interest,  instructiveness  and  value ; 
it  is  confined  not  merely  to  a  brief  descrip- 
tion of  the  goods,  but  also  invariably  contains 
a  citation  of  performance,  of  upkeep,  and  the 
cost  of  doing  things  out  in  the  field.  This  is 
as  it  should  be,  for  the  manufacturer  is  usually 
in  closer  touch  with  the  work  out  in  the  field 
than  the  editorial  departments  of  the  paper,  at 
least,  on  such  jobs  where  his  equipment  is  be- 
ing used. 

There  is  a  service  which  the  reader  can  per- 
form for  the  publisher  and  the  advertiser  that 
in  the  long  run  will  accrue  to  the  benefit  of 
the  industry.  When  writing  the  manufacturer 
mention  the  advertisement  and  the  name  of 
the  paper.  This  is  but  a  small  thing  to  ask  of 
the  reader.  On  the  other  hand  to  the  pub- 
lisher and  the  advertiser  it  is  of  extreme  im- 
portance, for  it  enables  the  advertiser  to  spend 
his  money  judiciously  and  helps  the  deserving 
paper. 

How  many  are  willing  to  admit,  for  instance, 
that  the  Leyner  Sharpener  that  is  saving  from 
25  to  75%  in  the  cost  of  sharpening  drill  steel 
first  came  to  their  attention  through  the  ad- 
vertising page,  that,  perhaps  unconsciously,  it 
was  the  advertising  page  that  led  to  its  pur- 
chase? And  if  you  are  walling  to  admit  it.  do 
yon    do  so? 

The  survival  of  a  product  on  the  advertising 
page  is  the  true  test  of  quality,  for  no  manu- 
facturer could  long  afford  to  advertise  an  infe- 


rior product — therefore,  in  buying  advertised 
good-)  hes  your  '  prf)tection." — Min.  &  Ling. 
World. 


TUNNEL  CANALS   IN   ENGLISH  COAL  MINES 

Tunnel  canals  are  by  no  means  uncommon 
in  England,  but  the  Bridgewater  subterranean 
canal  is  quite  different  from  the  other  coal 
lands;  indeed,  says  the  Technical  World  Mag- 
azine, there  is  nothing  quite  like  it  elsewhere 
in  Great  Britain,  or,  for  that  matter,  in  any 
other  part  of  the  world. 

John  Brindley,  the  engineer  in  charge  when 
the  canal  was  built  in  1750,  laid  down  within 
his  coal  mines  a  system  of  underground  rail- 
ways, all  leading  from  the  face  of  the  coal 
(where  the  miners  were  at  work)  to  the  shafts 
which  he  had  made  at  different  points  in  the 
tunnel,  through  which  the  coal  was  shot  into 
the  boats  waiting  below  to  receive  them. 

First  a  large  basin  was  excavated  at  the  en- 
trance to  the  pits  at  Worsley,  capable  of  hold- 
ing a  number  of  specially  constructed  barges 
and  serving  as  a  head  for  navigation.  From 
this  basin  the  barges  entered  the  mine  by 
means  of  an  underground  canal  with  two 
semi-circular  arches  or  mouths,  and  moved  for 
a  mile  right  up  to  the  different  workings.  Sub- 
sequently, the  canal  extended  for  about  six 
miles  and  then  branched  out  in  different  di- 
rections with  the  total  length  of  nearly  40 
miles.  Where  the  tunnel  passed  through  rock 
it  was  simply  hewn  out.  This  underground 
passageway,  therefore,  acted  not  only  as  a 
drain  and  water  feeder  for  the  canal  itself,  but 
also  as  a  means  of  carrying  the  facilities  of 
navigation  to  the  very  heart  of  the  collieries. 

Worsley  Basin  lies  at  the  base  of  a  sand- 
stone cliff  several  hundred  feet  high,  covered 
with  luxuriant  vegetation.  The  smaller  aper- 
ture is  the  mouth  of  a  canal  which  runs  for 
about  a  mile,  and  serves  to  prevent  the  con- 
gestion which  would  inevitably  be  caused  by 
the  entrance  and  egress  of  so  many  barges 
passing  through  a  single  passage.  The  other 
archway  is  the  entrance  to  a  wider  channel, 
which  extends  for  several  miles  to  Bolton, 
and  from  which  other  canals  diverge  in  differ- 
ent directions.  The  barges  were  long  and  nar- 
row, each  holding  about  10  tons  of  coal,  and 
were  drawn  along  the  tunnel  by  means  of  sta- 
ples fixed  in  the  wall.  When  the  barges  were 
empty,    and    consequently    higher    out    of    the 
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water,    the     bargemen    propelled     themselves 
along  the  "legging."  as  it  is  called. 

In  the  tunnels  of  early  date,  towing  paths 
were  never  constructed  and,  except  where 
steam  haulage  is  in  use,  the  method  of  pro- 
pelling boats  through  such  tunnels,  down  to 
the  present  time,  is  either  "shafting"  or  "leg- 
ging." "Shafting"  consists  of  pushing  with  a 
long  pole,  or  shaft,  against  the  top  or  sides  of 
a  tunnel  while  walking  from  forward  aft  along 
the  boat,  and  is  generally  only  used  in  short 
tunnels. 

"Legging"  is  usually  performed  by  two  men 
one  on  each  side  of  the  boat  at  the  fore  end, 
who  lie  down  on  their  backs  and  push  against 
the  tunnel  sides  with  their  feet.  If  the  tunnel 
is  too  wide  to  admit  their  reaching  the  side 
wall  with  their  feet  from  the  boat's  deck, 
boards  projecting  over  the  boat's  side,  termed 
wings,  are  brought  into  use  for  them  to"  lie 
on.  When  the  roof  of  a  tunnel  is  low,  one 
man  can  "leg"  an  empty  boat  lying  down  on 
the  top  of  the  cabin. 

"Legging"  is  hard  work,  and  it  is  difficult  t'^ 
realize  that  in  former  days  it  used  to  b'.  per- 
formed by  women  as  well  as  by  men.  At 
tunnels  where  the  traffic  is  good,  professional 
"leggers"  are  in  attendance,  who  take  their 
turn  assisting  boats  through  as  required.  At 
the  old  Marecastle  Tunnel  a  "legger"  may  be 
engaged  for  less  than  half  a  dollar  for  the 
passage  through,  which  generally  takes  about 
three  hours. 

The  canals  are  still  in  use,  but  women  have 
dropped  out  of  the  profession. 


IMPORTANT  CHEMICAL  DISCOVERIES 

The  Bureau  of  Mines  is  doing  remarkably 
efficient  work  in  various  fields  and  its  latest 
achievement  is  an  epoch  maker.  Secretary 
Lane  announces  simultaneously  the  discovery 
of  two  related  chemical  processes,  one  of 
which  will  greatly  increase  the  supply  of  gaso- 
line, while  the  other  may  make  the  United 
States  independent  of  all  the  world  for  its 
supply  of  essential  materials  required  in  the 
dye  industry  and  in  the  manufacture  of  high 
explosives.  It  is  promised  that  by  the  first 
process  the  gasoline  output  of  the  independent 
refiners  may  be  increased  from  12,000,000  bar- 
rels a  year  to  36,000,000  barrels,  or  greater 
than  the  total  production  of  the  entire  world. 
By  the  second  process  the  important  products 
tf»luol  and  benzol,  which  have  heretofore  been 


obtained  from  coal  tar,  arc  produced  from 
crude  petroleum.  These  are  important  bases 
for  both  dye  stuffs  and  high  explosives. 

These  discoveries  are  the  result  of  years  ol 
research  by  Dr.  Walter  F.  Rittman,  chemical 
engineer  of  the  Bureau  of  Mines,  the  work 
having  been  done  in  the  finely  equipped 
laboratories  of  Columbia  University.  To  pre- 
vent monopoly  in  the  use  of  these  discoveries 
Dr.  Rittman  has  applied  for  U.  S.  patents, 
these  to  be  dedicated  to  the  whole  American 
people. 


MOUNTED  JACKHAMER   DRILLS 

The  Jackhamer  drill  was  originally  designed 
for  drilling  down-holes  of  various  depths  up 
to,  or  rather  down  to,  about  12  ft.;  but,  due  to 
the  light  weight  of  the  machine,  which  is 
around  40  lb.,  it  was  found  thoroughly  feasi- 
ble to  employ  it  for  drilling  holes  approximate- 
ly horizontal  a^-^  well.  When  such  "flat"  holes 
are  to  be  drilled  intermittently  the  regular 
unmounted  Jackhamer  is  a  thoroughly  prac- 
*^'^al  tool,  but  where  continuous  drilling  of 
flat  holes  has  to  be  carried  on,  the  effort  of 
holding  the  drill  to  the  work  is  apt  to  tire  the 
workman. 

Realizing  the  demand  for  a  mounting  thai 
would  not  be  cumbersome,  but  that  at  the 
same  time  would  be  heavy  enough  to  withstand 
rough  usage,  there  has  been  developed,  after 
considerable  experimenting,  the  mounting 
shown  in  the  accompanying  illustrations,  which 
is  known  as  the  "JM-6"  type 

The  Jackhamer,  used  in  conjunction  with 
the  "JM-6"  mounting,  has  been  found  thor- 
oughly practical  for  such  flat-hole  work  ae 
drifting  and  underhand  stoping  in  metal 
mines,  where  shallow  holes  are  required,  and 
for  breaking  down  coal  and  driving  gangways 
in  coal  mines. 

It  is  but  an  instant's  work  to  clamp  the 
standard  unmounted  Jackhamer  in  the  car- 
riage of  the  "JM-6"  mounting.  Therefore,  a 
single  drill  may  be  used  conveniently  for  the 
two-fold  purpose  of  drilling  flat  holes  in  the 
heading  and  for  down  holes  on  the  bench  with- 
out loss  of  time  in  making  changes.  Whether 
used  as  a  mounted  or  a  hand  drill  the  Jack- 
hamer retains  all  the  advantages  due  to  its 
rapid  drilling  speed,  its  self-rotating  feature 
and  the  efficient  means  for  keeping  the  drill 
hole  clean.  A  water  feed  device  of  the 
Leyner  type  has   recently  been  developed   for 
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MOUNTED   JACKHAMER. 


use  with  the  Jackhamer  whenever  trouble  from 
dust  arises.  The  "JM-6"  mounting  is  adapted 
for  use  with  both  plain  and  water-feed  types 
of  Jackhamers.  The  clamp  which  grips  the 
handle  of  the  drill  is  provided  with  a  cushion 
spring  to  take  up  the  shock  when  a  steel  is 
being  pulled  out  of  a  hole.  The  forward 
clamp  on  the  carriage  does  not  grip  the  ma- 
chine firmly,  but  serves  only  as  a  support  and 
guide. 

The  "JM-6"  mounting  is  adapted  for  use 
either  on  the  arm  of  a  vertical  cob'mn  or  a 
horizontal  shaft  bar,  and  the  Cv,  '  .in  which 
the  shell  rests  will  fit  into  any  5-ii»  Sergeant 
saddle  or  clamp.  The  sliding  cone  gives  a 
quick  adjustment  when  scitmg  up  and  can  be 
used  to  increase  tlie  length  of  feed  whenever 
necessary.  The  length  of  the  screw  feed  is 
fully  24  in.  Adding  to  this  the  slide  of  the 
cone  on  the  shell,  which  is  over  19  in.,  it  will 
be  seen  that  a  total  travel  of  over  43  in.  may 
be  obtained  whenever  desired.  The  total 
weight  of  the  mounting  is  63  lb.  Steel  castings 
and  drop  forgings  are  employed  throughout 
in  its  construction,  thus  efiFectually  insuring 
it  against  hard  usage. 


NOTES 

All  rocks  contain  some  water,  but  some, 
such  as  the  granites,  carry  only  an  inappre- 
ciable amount.  Sandstone,  on  the  other  hand, 
has  an  absorptive  capacity  of  a  gallon  or  more 
of  water  to  the  cubic  foot  of  rock  and  is  the 
best  water  bearer  of  the  solid  rocks. 


More  inefficient  men  are  talking  about  effi- 
ciency these  days  than  about  anything  else.  It 
is  beginning  to  seem  as  though  a  man  who  has 
proved  a  failure  at  nearly  everything  else,  be- 
comes an  efficiency  engineer. — 'Black  Dia- 
mond.' 


Daylight  can  be  seen  at  the  portal  of  the 
Snake  Creek  tunnel,  Park  City.  Utah,  from 
the  face  which  is  in  over  two  miles. 


Ignorance  can  defeat  all  safety  precautions. 
Two  Kentucky  Miners  went  into  a  cloud  of 
powder  smoke  and  sat  down  to  wait  for  it  to 
clear  away.  They  died,  as  did  three  others  in 
the  same  state  from  the  same  cause.  A  little 
information  would  have  clinched  "safety  first" 
in  those  cases. 
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William  Murdock  lighted  his  house  with  gas 
from  coal  in  1792.  he  fitted  up  a  gas  making 
machine  at  Soho  in  1798.  and  illuminated  Boul- 
ton  and  Watts  factory  in  1802.  Mr.  VVin- 
sor  established  the  first  public  gas  lamps  in 
Pall  Mall   abo.it  the  year   1805. 


Joplin  district.  Missouri,  has  a  record  of 
more  than  titty  years  of  continuous  ore  pro- 
duction, aggregating  nearly  $300,000,000  in 
value,  which  during  the  last  ten  years 
has  averaged  from  $i2.ooo,ODO  to  $17,000,000  a 
year,  and   will  this  year  exceed  $20,000,000. 


In  a  bottle  factory  in  Cincinnati  three  lines 
of  air  piping  are  required.  A  vacuum  of  26 
in.  is  carried  to  draw  the  glass  into  the  mold, 
air  at  20  lb,  gage  pressure  is  used  to  blow 
the  gas  to  fill  the  mold,  and  an  air  blast  at  a 
pressure  of  5  to  6  oz.  is  directed  upon  each 
mold  to  cast  it  to  the  proper  temperature  for 
handling  the  glass.  In  the  same  plant  also  air 
at  200  lb.  is  used  to  start  the  gas  engines. 


More  than  100  entombed  miners  have  been 
saved  from  certain  death  by  the  life  savers 
of  the  U.  S.  Bureau  of  Mines.  The  bureau 
now   maintains    six    rescue   stations    in   mining 


districts,  together  with  eight  rescue  cars, 
which  visit  the  various  mining  camps  and 
train  the  men  in  different  kinds  of  rescue 
work. 


Jozsef  Vig  of  Witherbee,  New  York,  has 
patented.  No.  1,131,300,  a  combined  parachute 
and  life  preserver  in  which  devices  may  be  op- 
erated to  cause  the  parachute  to  open  auto- 
matically. In  descending  air  is  forced  by  the 
descent  of  the  parachute  through  suitable  pas- 
sages and  johits  into  the  life  preserver  which 
latter  may  encircle  the  wearer  in  the  usual 
majiner  so  that  the  operator  will  be  gradually 
lowered  in  the  water  and  when  in  the  water 
will   be   buoyed   by   the   life  preserver. 


It  is  reported  from  South  Africa  that  a 
new  petrol  substitute  has  been  invented  which, 
it  is  stated,  can  be  supplied  at  3-)4d.  per  gallon, 
even  then  leaving  a  profit  of  48  per  cent.  The 
inventor  is  said  to  be  a  well-known  analytical 
chemist,  who  has  been  engaged  for  twelve 
years  .as  chief  chemist  at  one  of  the  largest 
sugar  factories  near  Durban.  It  is  stated  that 
he  has  devoted  a  great  deal  of  attention  to  the 
question  of  obtaining  a  motor  spirit  from  mo- 
lasses, and  the  result  of  his  labors  is  a  petrol 
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substitute  to  be  called  Petrolex.  A  company 
has  been  formed  to  exploit  this  process,  which 
is  said  to  produce  a  motor  spirit  of  greater 
efficiency  tlian  petrol. — The  Engineer,  London. 


LATEST   U.   S.   PATENTS 

Full  specifications  and  drawings  of  any  pat- 
ent may  be  obtained  by  sending  five  cents  (not 
stamps)  to  the  Commissioner  of  Patents, 
Washington.  D.  C. 

MARCH    2. 
1,129,878.      REGULATING    DEVICE    FOR    MO- 
TOR-DRIVEN    COMPRESSORS.       Frederick 
L.   LucKER,   Brooklyn,   and  Allan  O.   Carpen- 
ter,   Corning,    N.    Y. 


I,i:i0,22f).  FUEL-SPRAYER.  SvEN  Gubtaf  Wl- 
("KLiUH.    Stockholm,    Swf-'W-n. 

J.i:U),267.  FIUMIDH'IRR  ANiJ  AIR-CLEANER. 
Gkorok  Buicwprn  (Jkikkin.  F>lff«woofl  Park,  Pa. 

1,130,394.  COMPRESSOR  FOR  GASF:S.  Hora- 
tio (J.   (iiUjMOH,   Washiri^^ton,  D.  C. 

1,130.447.  AUTOMATIC  TRAIX-BRAKR-CON- 
TROL  APPARATUS.  Walter  V.  Turner, 
Edgewoofl,    Pa. 

l,13(t, 448-9-10.  FLUID-PRESSURE  BRAKE  FOR 
LOCOMOTIVES.  Walter  V.  Turner,  Edgo- 
wood.   Pa. 

1,130,477.  PNEUMATIC  RAILWAY-SWITCH. 
Charles  Chappkllr,   Oklahoma,  Okla. 

1,130,518.  PNEUMATIC-DESPATCH-TUBE  AP- 
PARATUS. Chester  Snow  Jennings,  Bos- 
ton,   Mass. 

1,130,656.  PNEUMATIC  SPRING  FOR  VE- 
HICLES. Warren  W.  Annable,  Grand  Rap- 
ids,  Mich. 

1.130,679.  VACUUM  WORK-HOLDER.  Gray 
Staunton,   Chicago,    111. 
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1,129,897.    AIR-MOISTENING  DEVICE.    George 

B.  Owen,  Jr.,  Brooklyn,  N.  Y. 
1,130,101.     PNEUMATIC    DEVICE    FOR    MUSI- 
CAL   INSTRUMENTS.       Martin    Newcomer, 
New  York,  N.  Y. 
1,130,104.     PROCESS   FOR  THE   PRODUCTION 
OF    NITRIC    ACID.      Fritz    Rashig,    Ludwig- 
shafen-on-the-Rhine,  Germany. 
1,130,114.    VACUUM  CLEANING  APPARATU;:?. 

Howard  Small,  Wyncote,  Pa. 
1.130,194.       OIL-BURNER.       Alfred     Papillon, 

Lowry,  La. 
1,130,224.  AIR-BRAKE  SYSTEM.  John  Eu- 
gene Wallace,  New  York,  N.  Y. 
1.  A  system  of  valves  rotated  by  magnetic 
torque  into  various  positions  for  the  purpose  of 
controlling  the  admission  and  discharge  of  fluid 
pressure  to  and  from  the  brake  cylinders  on  a 
train  of  one  or  more  cars,  and  put  in  parallel 
operative  relation  by  the  use  of  three  or  more 
train  wires  in  which  electric  curent  shall  flow 
in    a   given    direction. 


MARCH    9. 


APPARATUS     FOR     GENERATING 
William    John   Knox,    New    York, 


FILTERING 
Jr..    Newark, 


1,130.827. 
OZONE 

N.  y. 

1.130.849.  AIR  COOLING  AND 
DEVICE.  James  M.  Seymour 
N.  J. 

1,130.8^4.  PNEU:MATIC  JACK  FOR  MOTOR- 
CARS. Edward  B.  Blakey  and  Rufus  B. 
McCOLLUM.   Kansas   Citv.   Mo. 

1.130,918-9-90.  APPARATUS  FOR  PRESSING 
GLASS  ARTICLES.  William  J.  Miller, 
Swissvale.    Pa. 

1.130.940.      PROCESS    FOR    THE     SYNTHESIS 

OF  GASES.    Leland  L.  Summers.  Chicago.  111. 
1,130.957.         FRONT-HEAD       CONSTRUCTION 

FOR     SELF-ROTATING     HAMMER-DRILLS. 

Lewis  C.  Bayles.  Easton.  Pa. 
1.130.968.      MOLDING-MACHINE.       George    L. 

Grimes.  Detroit.  Mich. 
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1,131,009.  DUST-COLLECTOR  FOR  ROCK- 
DRILLS.    Frank  Rylander,  Dumont,  Colo. 

1,131,052.  DUST-COLLECTOR  FOR  ROCK- 
DRILLS.  Emmet  F.  Galligan,  Idaho  Springs, 
Colo. 

1,131.082.  VACUUM- PRODUCING  APPARAT- 
US.    John   Priest,   Philadelphia,   Pa. 

1,131,178-9-SO.  FLUID-PRESSURE  BRAKE. 
Walter  V.   Turner,   Edgewood,  Pa. 

1,131,191.  AUTOMATIC  TRAIN-CONTROLLING 
DEVICE.     Louis  C.   Werner,  Webster,   Mass. 

1,131.209.  LIQUID-ELEVATING  APPARATUS. 
Edwin  Chamberlin  and  Andrew  M.  Gardner, 
Avella.   Pa. 

1,131.218-9.  ELECTRICALLY-CONTROLLED 

BRAKE  MECHANISM.  Edward  H.  Dewson, 
New  York,  N.  Y.,  and  Walter  V.  Turner. 
Edgewood.   Pa. 


tion  of  the  first  spring,   and  fluid  pressure  actu- 
ated  means   for  nullifying  the  effect  of  the  sec- 
ond spring. 
1,131,412.      PNEUMATIC     DEPTH-INDICATOR. 

Harry   S.   Parks,   Philadelphia,   Pa. 
1,131,420.     AIR-CONTROLLING   VALVE.     Har- 
ry  L.   Rider.   Oil  City.  Pa. 
1,131.488.     VACUUM  PROCESS   FOR  PRODUC- 
TION OF  STEEL.     EUGEN  Dolensky.  Frank- 
fort-on-the-Main,   Germany. 

1.  A  process  for  purifying  metals  consisting  in 
heating  a  clearing  vessel  to  the  temperature  ap- 
proximately of  the  molten  metal  to  be  purified, 
placing  the  molten  metal  therein  and  subjecting 
same  to  the  action  of  a  vacuum,  substantially  as 
and  for  the  purpose  described. 
1,131,554.  BLOWER.  Theodore  Jonathan  Rit- 
ter,  New  York.   N.   Y. 
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1,131,309.      MANUFACTURE     OF     GASOLENE. 

Ray.mo.vd    F.    Bacon,    Ben.ia.min    T.    Brooks, 

and   Clinton  W.    Clark.   Pittsburgh,   Pa. 

1.  Tlu'  nifthod  of  producing  from  petroleum 
oils  which  have  a  "boiling  point  of  250°  C.  and 
upward,  a  mixturn  of  hydrocarbons  boiling  below 
200*  C.  which  consists  in  sub.i<cting  the  i)etro- 
leum  oils  treated  to  a  combined  cracking  and 
distilling  ojjoration  at  a  temperature  within  the 
rjinge  of  350°  C.  to  500°  C,  and  at  a  pressure 
within  thf  rang*.-  of  60  lbs.  to  300  lbs.  per  square 
inch,  progressively  irmoving  from  the  heating 
zone  the  particles  of  tar  and  coke  produced 
therein  and  d(i)ositing  them  out  of  contact  with 
the  walls  of  said  heating  zone  ;  substantially  as 
described. 
1,131.391.     PNEUM.\TIC-M0T0R    FOR    PIANO- 

PLAYFCRS.      Joseph    Lkisch,   Tryon,   N.  C. 
1,131,401.      CLUTCFT     MECHANISM.       John     G. 

MacPhki'.hon.    Phlladelpliia.    Pa. 

3.  The  combination  of  a  clutch  having  relatively 
movable    engaging    members,    a   spring   normally 
tending  to  force  said   members  Into  engagement, 
a    s«  cond    and    stronger   spring   opposing    the    ac- 


1.131,577.     AIR-COMPRESSOR. 
WRIGHT.    Erie.    Pa. 

MARCH    16. 


Charles  Wain- 


William      N. 


1.131,762.        AIR-PROPELLER. 

Whipple.  Syracuse,  N.  Y. 
1,131,812.     VALVE-MOTION    FOR  PNEUMATIC 
TOOLS.      Rodert    Lunnan    Ambrose,    Easton, 
Pa. 
1.1:]  1.835.     APPARATUS    FOR    DEHYDRATING 
AND    WARMING    AIR.     Gordon    Don    Har- 
ris.  Bay  Sliore,  N.   Y.,  and  James  S.  Pollard, 
Bav'^onhe,   N.   J. 
1,131,852.     PNEUMATIC    SYSTEM    OF    MINING 
COAL      AND      RE.MOVING       FOUL      GASES 
FRO.M  MINR-CHAMBERS.     Edmund  C.  Mor- 
c;an,  (Jhiago,   III. 

1.  The  combination  with  a  mining  machine,  of 
a  pneumatic  flue  extending  from  said  mining 
mnchine.  and  means  for  automatically  lengthen- 
ing said  flue  continuously  as  the  said  mining 
machine  m')ves  forward  and  In  accordance  with 
such    forwarrl    mo\'ement. 


COMPRESSED  ATP  MAGAZINE. 


7617 


1,131,913.  COMPRESSOR-AIR  MOTOR-MA- 
CHINE.    Charles  Cooper,   Kixnsas  City,  Mo. 

1,131900-67-71.  FLUID-PRESSURE  BRAKK. 
Walter  V.  Turner,  Edgowood,  Pa. 

1,131,994.  EXPLOSIVE  CONTAINING  LIQUID 
AIR  OR  OXYGEN  AND  LAMPBLACK. 
Georges  Claude,  Paris,  France. 

1.  An  explosive  cartridge  comprising  liquid  air 
or  oxygen,  and  lamp  black  having  a  density  of 
about   0.23   to   0.26  permeated  by   .said  liquid. 

2.  An  explosive  cartridge  comprising  a  mix- 
ture of  lamp  black  having  ';  density  of  about 
0.2s  to  0.26  and  napthalenf .  and  liquid  air  or 
oxygen  permeating  said  mixture. 


1,  .'32,246.  AIR-CONDITIONING         SYSTEM. 

fjouis  M.   Du  <^JoMMUN,  Clfivoland.  Ohio. 
1. 132. 276.     ROCK-DRILL.      Vilhelm    P.    Kjwbel, 

San   Francl.sco,   Cal. 
1.132.331.      AIR-COMPRESSING     APPARATUS. 

William     Charles    Gebhardt,     San    Antonio, 

Tfx. 

1.  An  air  compressing  and  air  storing  appa- 
ratus, comprising  a  low  pressure  container  pro- 
vided with  means  for  connecting  it  with  appa- 
ratus to  bo  driven,  a  high  pressure  container,  an 
engine  driven  by  compressed  air  from  the  higrh 
pressure  container,  a  compressor  drawing  air 
from  the  atmosphere  operated  by  said  engine  and 


,132,539 
I,13ZJ77t 


33.060 
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3.  An  explosive  cartridge  comprising  a  mix- 
ture of  lamp  black  having  a  density  of  0.23  to 
0.26  and  napthalene  constituting  from  5  per  cent, 
to  25  per  cent,  of  the  mixture,  and  liquid  air  or 
oxygen  permeating  said  mixture. 
1,132,110.        AUTOMATIC       WORK-REGISTER. 

George  R.  Murray,  Cleveland,  Ohio. 

1.  A  register  of  the  class  described,  comprising 
counting  means,  and  operating  means  therefor 
arranged  to  be  operated  by  a  movable  member 
of  a  fiuid-pressure-actuated  machine  to  which 
the  register  is  applied,  such  operating  means 
comprising  fiuid-pressure-controlled  power-trans- 
mitting means  adapted  to  be  connected  to  the 
source  of  supply  of  fluid  pressure  for  such  tool 
or  machine,  and  arranged  to  disconnect  the 
counter  from  such  operating  means  during  idle 
periods. 
1,132,188.     FLUID-MOTOR.     Hugh    W.    Kimes, 

Dayton,    Ohio. 
1,132,194.     APPARATUS    FOR   DEHYDRATING 

OR   DESICCATING   AIR   FOR   INDUSTRIAL 

PURPOSES.     Francisco  Garcia  P.  Leao,  New 

York,  N.  Y. 
1,132,224.      STARTER     FOR     INTERNAL-COM- 
BUSTION ENGINES.  Gregory  John  Spohrer, 

East  Orange,  N.  J. 
1,132,237.     COMBINATION-BLOWER.       Harold 

A.   BiERCK,   Philadelphia.  Pa. 


compressing  air  into  the  low  pressure  container, 
and  a  compounder  operated  by  said  engine  for 
forcing  air  under  increased  pressure  into  the 
high  pressure  container. 

MARCH    23. 

1,132,599.  MILKING-MACHINE  Ernest  L. 
Mills,  Watertown,  and  Richard  M.  Mills, 
Cicero.  N.   Y. 

1.132.649.  PNEUMATIC  TOOL.  Benjamin 
Brazelle,    St.    Louis,    Mo. 

1.132.650.  VENT-REGULATOR  FOR  PNEU- 
MATIC ACTIONS.  Melville  Clark,  Chicago. 
111. 

1,132.777.  AUTOMATIC         PRESSURE-CON- 

TROLLER. Chester  S.  Jennings.  Brookline, 
Mass. 

1,132,916.  AUTOMATIC  BRAKE-PIPE  COUP- 
LING. Desire  Dorso,  Vancouver,  British  Co- 
lumbia,  Canada. 

1.132.956.  DEVICE  FOR  UTILIZING  WIND- 
POWER.     Paul  Medved,  Milwaukee.  Wis. 

1.133.027.  VENTILATING  APPARATUS  AND 
METHOD.  Peter  Cooper  Hewitt.  New  York, 
N.   Y. 

1,133,051.  METHOD  OF  DESICCATING.  IRVINO 
S.   Merrell.   Syracuse.  N.   Y. 
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1.  The  mtiliod  of  desiccating  organic  liquids 
containing  a  higli  moisture  content  which  con- 
sists in  spraying  the  liquid  into  a  chamber  in 
wliich  a  liigh  degree  of  vacuum  is  maintained, 
injecting  into  said  chamber  highly  super- 
heated steam,  the  temperature  of  the  steam  be- 
ing sufficiently  high  so  that  it  will  not  condense 
within  the  chamber  at  the  minus  pressure  main- 
tained therein,  and  preventing  condensation  with- 
in the  cliamber  bv  heating  the  walls  thereof. 
1.133.0t)(t.       PNEUMATIC     STACKER.       Victor 

Nelson'   Perry,    Batavia.    N.    Y. 
1,133,087.      PURIFICATION     OF     HYDROGEN. 

Carl    Bosch    and    Wilhelm    AVild,     Ludwig- 

shafen-on-the-Rhine,   Germany. 
1.133.116.      AIR-SIGNAL    VALVE.      Edwarl    Jo- 

.^KPH    Ericssox.    San    Francisco,    Cal. 


pressure  thereto  to  cause  the  high  pressure  blasts 

therefrom  to  penetrate  the  bath. 

1,133,319.  COMBINED  GRAVITY  AND  FLUID- 
PRESSURE  SANDER  FOR  LOCOMOTIVES. 
Edwin  A.  Rives  and  Harrison  B.  Nabors, 
Greensboro,    N.    C. 

1.133,337.  PNEUMATIC-CUSHIONED  FRAME 
SUSPENSION.  Guy  L.  Tinkham,  Paris, 
France. 

1,133,340-1.  FLUID-PRESSURE  BRAKE.  Wal- 
ter V.  Turner,   Edgewood,   Pa. 

1,133,371.  AIR-CONDITIONING         SYSTEM. 

Louis   M.   Du   Commun,   Cleveland,   Ohio. 

1,133.507-8.  APPARATUS  FOR  SPRAYING 
MOLTEN  METAL  AND  OTHER  FUSIBLE 
SUBSTANCE.  Max  Ulrich  Schoop,  Zurich, 
Switzerland. 
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1.133.117.  AIR-MOTOR  FOR  FANS  FOR  RAIL- 
ROAD-CARS.    Gaetaxo  Festa.  Revere,  Mass. 

1,133.184.  SUCTION  APPARATUS.  Friedrich 
Roe.mer.   Frankfort-on-the-Main,   Germanv. 

1.133,20f;.  PNEUMATIC  CLUTCH  CONTROL. 
RUFUS    NV.   Welty.   S;m   Francisco,   Cal. 


MARCH    30. 


1.133.2.'..',.  APPARATUS  FOR  COOLING  OR 
AGITATING  AIR.  Herman  E.  Baumoartner, 
O.sage,    Iowa. 

1.133.2.07.  PNEUMATIC  ACTION.  George  P. 
Brand.  New  York,  N.   Y. 

1.133.2r,f*.  PRESSURE-ALARM  FOR  PNEU- 
MATIC TIRES.  George  A.  Culver,  Beatrice. 
Neb. 

1,133.317.        METALLURGICAL      APPARATUS. 

Charles  J.   Rice.   Ashland,  Ky. 

1.  A  cupola  furnace  adapted  to  contain  a  bath 
of  molten  metal,  main  twyers  arranged  therein 
above  the  bath  of  metal,  mean.s  for  supplying  air 
at  relatively  low  pressure  thereto,  and  high  r.res- 
sure  jiurlfying  twyers  fitted  in  the  furnace  below 
the  main  twy«rs  and  above  the  levf-l  of  the  top 
of  such  bath  and  inclined  downwardly  and  hav- 
ing   means    for    suplylng    air    at    relatively    high 


1, 133, 537.  NUT-LOCKING  DEVICE  FOR  AIR- 
COMPRESSORS.  Nelfon  T.  Cline,  McKees 
Rocks,   Pa. 

1,133,543.  VACUUM-CLEANER.  John  J.  DUF- 
FiE,  Berkeley,  Cal. 

1,133.644-5.  TRIP-VALVE  DEVICE  FOR  AIR- 
BRAKES. Ernest  Rowland  Hill,  East  Or- 
ange,   N.    J. 

1,133,708.  GLASS-BOTTLE-BLOWING  MA- 
CHINE.    Albert  Edward  Clegg,   Leeds,  Eng- 

1.1 33, 764.  GLASS  -  BLOWING  MACHINE. 
Charles  E.  Volk,  Erie,  Pa. 

1.133.792.  UNLOADING  DEVICE  FOR  COM- 
PRP^SSORS.  Hej{Bert  W.  Cheney,  Milwaukee, 
Wis. 

1.133.793.  PNEUMATIC  PIANO-ACTION.  Rob- 
ert \V.  Coopp:r,  Dayton,  Ky.,  and  Frank  A. 
Lee  and  Ray  J.   Meyer.   Cincinnati,   Ohio. 

1.133,812.  PNETTMATIC-DESPATCH-TUBR  AP- 
PARATUS. James  G.  Maclaren,  Harrison, 
N.   Y. 

1.133,942.  BARBER'S  DEVICE.  AntoniO  Di 
.Salvio,    Washington.    Pa. 

1.1:M,039.  TOIUMODO-'i'FSTING  APPARATUS. 
William  Diktefs,  I'>rf»ok]yn,  N.  Y. 

1.134,070.  SRALING-AIACHINE.  ROBERT  Ma- 
GRANE,   New    York,   N.    Y. 
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DRILLS  AND  DRILL  BITS 

RV     CHARLES     A.     HIRSCHBERG. 

In  the  early  days  of  rock  drilling  a  machine 
drill  was  considered  satisfactory  so  long  as  it 
was  capable  of  more  rapid  work  than  the  man- 
and-single-or-double-jack."  Subsequently  as 
the  possibilities  of  machine  drilling  were  bet- 
ter understood,  the  demand  on  the  drill  be- 
came more  and  more  exacting,  until  its  manu- 
facture has  reached  that  final  stage  of  per- 
fection where  it  may  be  said  to  be  no  longer 
a  question  of  further  improvement  of  the  drill 
design,  but  rather  one  of  a  better  understand- 
ing of  methods  of  handling,  drilling  the  round 
and    sharpening    the    drill    steel. 

Each  has  an  important  bearing,  but  it  is  the 
purpose  in  this  article  to  deal  only  with  the 
last  mentioned  phase  of  the  question.  The 
problem  is  at  best  a  complex  one,  involving 
a  study  of  the  nature  of  the  rock  to  be  drilled : 
the  method  of  attack  or  drilling  round ;  the 
temper  of  the  drill  bit ;  the  number  of  teeth 
or   cutting  edges :    their   shape   and   pitch. 

The  ground  may  be  of  a  heterogeneous  na- 
ture, of  shattered  formation,  or  .of  varying 
degrees  of  hardness,  each  creating  a  different 
problem,  requiring  special  study  to  select  the 
type  of  drill  bit  that  can  be  employed  most 
effectively.  In  other  words,  the  degree  of 
familiarity  with  the  rock  will  determine  large- 
ly the  adaptability  of  the  different  types  of 
drilling  bits — hence  the  ultimate  degree  of 
efficiency  to  be  secured  from  the  drilling  ma- 
chine, irrespective  of  its  type,  style  of  mount- 
ing, or  handling.  However,  it  should  not  be 
overlooked  that  some  types  of  drills  have  in- 
herently higher  drilling  speed  than  others; 
therefore,  maximum  piston  speed  combined 
with  the  proner  cutting  bit  will  give  the  utmost 
cutting  speed. 


^n-i'jf- 


Fir,.     I.        HAND    ROTATEP    OKILL. 

Therefore,  greatest  drilling  efficiency  de- 
pends upon   the   following  factors: 

(i)   Knowledge   of  the  rock. 

(2)  The  selection  of  a  machine  drill  that  is 
suitable  for  the  work  in  hand :  whose  dead 
time  in  handling  and  mounting  is  low,  and 
that  is  capable  of  keeping  pace  with  the  drill 
bit. 
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FIG.     2. 

(3)   A    Study   of   suitability   of   drill   bit. 

TYPES    OF    DRILLS. 

Hand-Hammer  Class. — This  class  divides  it- 
self into  two  distinct  types,  the  "hand-rotated" 
or  plugger  drill,  and  the  "self-rotated"  or 
Jackhamer  drill. 

Hand-Rotated. — Experience  has  shown  that 
the  "hand-rotated''  drill  (Fig.  i)  is  being  con- 
fined to  the  drilling  of  comparatively  shallow 
holes  such  as  that  required  by  "plug-and- 
feather"  work,  pop-shooting,  etc.,  and  even  in 
this  class  of  work  it  is  rarely  ever  used  where 
other  requirements  make  it  necessary  to  em- 
ploy   the   "self-rotated"    drill    for   other   work. 

The  points  in  favor  of  the  "hand-rotated" 
drill  are:  (i)  Extreme  lightness  and  absence 
of  mounting.  Weight  ranges  from  20  to  50 
lbs.  (2)  Low  air  consumption.  (3)  Lower 
first  cost.  This  generally  is  the  determining 
factor   with    the    small   operator. 

"Self-Rotated"  —  JackhamCr  Type. —  The 
"self-rotated"  drill  (Figs.  2  and  3)  is  used 
extensively  for  the  drilling  of  down  holes  in 
shafts,  trenches  and  road  work,  for  taking  up 
bottom,  tunnel  trimming,  etc.,  and  its  record 
of  performance  is  remarkable,  as  will  be  noted 
from   some  of  the   figures   quoted    further   on. 

The  i)r>iuts  in  its  favor  are  also:     (i)   Light- 


ness and  absence  of  mounting ;  weight  ranges 
from  40  to  90  lbs.,  although  lately  machines 
have  been  developed  and  placed  on  the  market 
weighing  as  little  as  18  to  20  lbs.  (2)  Low 
air  consumption.  (3)  Automatic  rotation,  re- 
lieving the  operator  of  unnecessary  labor.  (4) 
Some  effective  hole-cleaning  device  is  gen- 
erally provided.     (5)   Rapid  drilling. 

SOME     JACKHAMER     RECORDS. 

A  few  accomplishments  are  cited  in  the 
following:  In  the  shaft  of  the  American  Zinc 
Co.  an  average  of  five  Jackhamer  drills  sank  a 
total  of  284  ft.  in  13  weeks,  the  drilling,  shoot- 
ing and  mucking  being  started  on  Monday 
and  completed  on  Thursday;  the  balance  of 
the  week  being  devoted  to  timbering.  .Size 
of  shaft  was  7x22  ft.  Weekly  average  footage 
21.9. 

In  one  of  the  hoisting  shafts  of  the  Houston 
Colleries  Co.  at  Carswell,  W.  Va.,  Walter  F. 
Patterson,  Jr.,  contractor,  sank  253  ft.  with 
three  machines  of  this  type  during  the  period, 
starting  March  2  and  ending  June  8.  Weekly 
average  footage  was  18,  which  includes  time 
timbering.  Size  of  shaft  overall  was  24  ft. 
4  ins.  by  16  ft.  4  ins. 

In  the  shaft  of  the  Butte  Alex.  Scott  Cop- 
per Co.  at  Butte,  Mont.,  loi  ft.  were  sunk  in 
89  shifts  with  two  such  drills.  Size  of  shaft 
was  7x14  each  of  two  compartments.  The  up- 
keep expense  in  this  case  was  but  $2  per 
month   per   machine. 


FIG.    3- 
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These  performances  are  remarkable  when 
compared  with  work  accomplished  with  tripod 
drills  which  were  formerly  employed  in  this 
class  of  work. 

S  to  per  Drill. — This  type  of  machine  (Fig. 
4)  for  raising  and  stoping  may  be  said  to 
have  a  field  distinctively  its  own.  It  is  self- 
feeding  np  to  the  rock  and  is  built  both  in 
"hand-rotated"  and  "self-rotating"  types.  Ex- 
perience with  the  latter  type  has  been  com- 
paratively recent. 

The  advantages  of  this  type  of  drill  for  the 
work  mentioned  are:  (i)  Absence  of  mount- 
ing and  ease  of  operation.  (2)  Rapid  drill- 
ing- (3)  It  may  be  worked  in  very  close 
quarters. 

The  record  of  accomplishment  with  the 
stoper  drill  in  its  special  field  has  been  all 
that  could  be  desired.  A  few  typical  cases 
follow : 

STOPER    DRILL    RECORDS. 

One  of  the  large  Lake  Superior  mines  re- 
cently drove  400  lineal  feet  of  raise  in  a  tot-al 
of  50  shifts  with  two  stopers  operated  by  one 
man  each.  This  work  consisted  in  driving 
four  raises  of   100  ft.  each.     The  ground  was 


FIG.    4. 

sufficiently    hard 
necessarv    other 


so    that    timbering    was    not 
than    occasional    sprags    by 


FIG.  5. 
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means  of  wliich  the  men  got  to  the  vvorkintj: 
places. 

In  a  test  recently  conducted  on  the  Port 
Richmond  tunnel  job.  California,  a  stoper  av- 
eraged 703<4  ins.  of  drill  hole  in   19I4  minutes. 

The  following  case  gives  an  opportunity  for 
comparison  between  machine  stoping  and  hand 
work  covering  a  period  of  3I  >  months  in  a  to- 
tal of  313  drill  shifts:  There  were  16,431  ft. 
of  hole  drilled  with  four  Butterfly  drills,  or  an 
average  of  S-^'i  ft.  per  machine  per  day.  The 
total  cost  during  this  period  including  wages 
of  drill  men.  blacksmiths,  timbering,  blasting 
and  a  compressor  man.  and  such  miscellaneous 
supplies  as  coal,  oil.  gasoline  and  lighting  was 
$3458.34  (Mexican  currency),  giving  a  unit  cost 
of  10^4  cts.  gold  per  foot  of  hole.  The  records 
of  the  company  show  that  two  operators  with 
one  double  jack  averaged  10  ft.  of  hole  per 
day,  for  which  a  contract  price  was  paid  of 
30  cents,  gold  per  foot. 

Mounted  Hammer  Drills. — In  that  class  (Fig. 
5)  the  market  affords  but  one  type — the  "Ley- 
ner-Ingersoll"  drill  (excepting  that  lately  the 
Jackhamer  has  been  used  mounted,  for  flat 
hole  work),  which  has  been  successfully  adapt- 
ed for  drifting  and  tunnelling,  and  as  it  rep- 
re-^ents  a  distinct  departure  from  the  generally 
accepted  types  of  mounted  machines  a  little 
historical  sketch  may  not  be  out  of  place. 

LEYNER     DRILL      HISTORY. 

The  Leyncr  drill  was  invented  by  J.  Geo. 
Leyner,  of  Denver,  Colo.,  and  was  the  result 
of  considerable  experiment  on  his  part,  dating 
as  far  back  as  1895,  ^t  which  time  he  was 
manufacturing  a  reciprocating  piston  drill  sim- 
ilar to  that  on  the  market  at  the  present  time. 

There  were  several  factors  that  induced  Mr. 
Leyner  to  devote  all  his  energies  to  the  devel- 
opment of  a  successful  hammer  drill,  in  spite 
of  the  oppositirn  which  he  knew  would  have 
to  be  met  owing  to  the  long  prevailing  usage 
of  piston  drills.  One  of  these  was  the  realiza- 
tion of  the  ultimate  need  for  a  light,  easily 
handled  and  yet  rapid  drilling  machine.  Mis 
experience  told  him  that  this  combination  was 
not  to  be  found  by  following  prevailing  de- 
signs, in  spite  of  the  fact  that  the  experiments 
of  other  inventors  with  the  hanuner  tytjc  of 
drill  had  not  proved  successful. 

So  far  as  the  authrjr  is  able  to  karn  Mr. 
Leyner  was  the  first  inventor  to  adapt  w;iter 
to  the  drilling  of  rock  through  the  medimn  01 


the  machine  itself,  although  the  first  Leyner 
haminer  drill  did  not  embody  the  water  fea- 
ture. The  justification  for  Mr.  Leyner's  ad- 
herence to  the  conviction  that  the  hammer 
drill  has  advantages  that  cannot  be  ofTered  in 
any  oilier  type  is  shown  by  the  widespread 
use  of  this  drill. 

Briefly  its  advantages  are  :(0  Ease  of  hand- 
ling, mounting  and  chucking  steel.  (2)  Rapid 
drilling  for  comparatively  deep  and  large  di- 
ameter holes.  (3)  The  laying  of  the  dust  by 
ineans  of  the  water  feature  and  the  admission 
of  air  and  water  to  the  bottom  of  the  drill 
hole  for  cleaning  purposes.  (4)  The  permis- 
sibility of  using  it  in  close  quarters. 

The  record  of  accomplishment  is  a  long  and 
successful  one.  An  idea  as  to  this  may  be 
gained  from  the  following  cases  : 

LEYNER     DRILL     RI-XORDS. 

In  a  tunnel  \2  ft.  wide  by  7'/2  ft.  high  carry- 
ing a  drainage  ditch  4  ft.  wide  by  2  ft.  deep, 
driven  for  the  Locust  Mountain  Coal  Co.,  at 
Shenandoah,  Pa.,  by  Dolan  Bros.,  contractors, 
a  progress  of  259  ft.  was  made  in  the  first  14 
days  of  October  last,  working  three  8-hour 
shifts  per  day,  and  using  two  Leyner  drills  in 
sandstone — the  last  14  days  working  in  hard 
conglomerate  rock,  the  progress  was  254  ft. 
It  will  be  noted  that  the  hardness  of  the  rock 
did  not  make  much  difference  in  the  progress 
as  the  drills  did  practically  as  much  work  in 
both  14-day  periods. 

In  the  Cleveland  Clififs  Iron  Co.'s  mines,  the 
figures  over  a  considerable  period  of  time 
show  12  tons  broken  per  man  with  this  type 
of  drill,  as  against  7  tons  with  a  3-in.  piston 
drill. 

In  the  Davidson  Ore  Mine  Co.'s  mine,  work- 
ing in  iron  ore,  the  average  footage  per  drill 
is  117  ft.,  as  compared  to  59  ft.  formerly  ob- 
tained with  a  2.}4-in.  piston  drill. 

The  following  are  some  of  ihe  tunnel  jobs 
on  which  Leyner  drills  have  been  used  and 
the  highest  progress  attained  in  any  one  month 
on  each  job: 

The  above  work  represents  practically  every 
kind  of  conditions  and  rock  encountered  in 
tunnel  and  drift  work. 

AROUT    DRILL    BITS. 

With  each  type  of  drill  mentioned  in  the 
foregoing,  hollow  steel  is  employed,  and  in  the 
fftllowing  arc  described  some  of  the  special 
conditions  that   have  been   met   by  certain   de- 
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Highest  Monthly 
Name  of  Tunnel.         Location.        Size.  Advance. 

Central Colorado  6'x9'  222   ft.— 26  shifts. 

Elizabeth  Lake California        12'xl2'  604  ft. 

Hot  Time Colorado  5'x7V^'  263    ft.— with    1    dria 

Joker Colorado  12'xll'  282  ft.— 2  drills. 

Laramie  Poudre Colorado  8'xlO'  653  ft. 

Lucania Colorado  8'x9'6^'  263  V^    ft.— 29    shifts. 

Newhouse Colorado  6'x9'  290  ft. — 30  shifts. 

Rawley  Drainage..  Colorado  7'x8'  555   ft. — 26   days. 

Raymond Colorado  9'x9'  169  ft. — 24   shifts. 

Roosevelt  Drainage  Colorado  lO'xS'  435  ft. 

Santa  Barbara California  6'x7'  439  ft. 

Locust  Mountain. . .  Pennsylvania  12'x7^'  513   ft. 

Snake  Creek Utah  6'x9'4"  371  ft. 

British 

Rogers'  Pass Columbia        7'x9'  8S1  ft.— 31  days. 

TUNNELS  WHERE     LEYNER     DRILLS     WERE     USED. 


partures  from  the  standard  drill  bit  practice : 
Self-Rotating  Hand  Hammer  Drill  Operated 
by  Steam. — In  such  work  as  shaft  sinking  in 
loose  cavey  material,  some  operators  have  ex- 
perienced trouble  due  to  the  choking  up  of 
the  hole  in  the  steel  and  have  employed  the 
following  means  for  overcoming  the  difficulty : 
A  standard  6-point  bit  was  altered  as  shown 
in  Fig.  6.  The  hole  in  the  steel,  instead  of  be- 
ing carried  directly  through  the  center  of 
the  bit,  was  punched  through  the  side  about 
%  to  ^  in.  above  the  cutting  edge — the  bit  it- 
self being  forged  solid,  the  hole  coming  out  be- 
tween the  wings. 

The  clearance  of  the  bit  was  also  increased 
by  cutting  out  the  metal  between  the  wings, 
back  to  the  base  of  the  bit  or  to  the  normal 
diameter  of  the  steel.  This  reconstruction  of 
the  6-point  bit  permitted  it  to  accommodate 
itself  to  the  water  of  condensation  and  mud- 
ding  effects.  Still  another  bit  that  was  found 
of  great  service  in  almost  identical  conditions 
of  drilling  was  a  "V"  shaped  bit  as  shown  in 
Fig.  7.  The  cutting  edges  consisted  of  two 
straight  edges,  meeting  at  a  point  and  open  at 
one  side  similar  to  a  "V,"  the  metal  between 
these  cutting  edges  being  cut  well  back  and 
the  hole  carried  straight  down. 

Another  illustration  of  the  value  of  a  bit 
specially  created  for  the  job  is  demonstrated 
in  the  sinking  of  a  shaft  in  Colorado  through 
sand  rock  and  blue  shale.  This  ground  was 
found  to  give  particularly  bad  mudding  and 
had  a  tendency  to  cement.  Various  bits  were 
tried  and  while  it  was  found  that  the  ordinary 
form  of  chisel  bit  with  a  single  cutting  edge 
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gave  satisfactory  results,  further  experiments 
led  to  a  change  consisting  of  carrying  the  hole 
in  the  steel  out  at  the  side  (Fig,  8)  instead  of 
through  the  end.  With  multiple  cutting  edge 
bits  it  was  found  that  the  steel  would  jam  in 
the  hole  and  a  great  many  holes  and  steels 
v/ere  lost,  whereas  the  chisel  or  flat  bull  bit 
could  readily  be  removed  and  drilled  equally 
as  fast  in  this  rock. 

James  A,  Mcllwee  in  commenting  on  the  re- 
.sults  obtained  by  him  with  Jackhamers  in  the 
sinking  of  a  shaft  in  Utah,  stated,  that  if  ma- 
chines of  this  class  are  not  mudding  properly 
ihe  difficult^  can  often  be  overcome  if  the  op- 
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erator  will  occasionally  raise  the  machine  and 
steel  so  that  the  bit  is  about  6  ins.  from  the 
bottom  of  the  hole;  this  will  permit  the  air 
to  blow  through  the  steel  and  remove  the  mud 
from  the  bottom  of  the  hole.  Especially  in 
drilling  deep  holes  was  this  practice  followed. 
He  found  that  the  "rose"  or  6-point  bit  was  a 
failure  in  this  shaft,  whereas  .a  cross  4-po:nt 
bit  with  a  liberal  clearance  between  wings 
turner!  the  trick.  The  ground  in  this  case  was 
hard  quartzite,  and  it  was  necessary  to  temper 
the  steel  in  cyanide  of  potassium  so  as  to  pro- 
tect the  corners. 

In  further  commenting  on  this  job  Mr.  Mc- 
Ilwee  stated :  "We  used  four  machines  in 
sinking  this  shaft  500  ft.  We  had  a  6-way 
manifold  on  the  end  of  the  air  line,  one  for  the 
pump,  four  for  the  drills  and  one  for  a  blow 
pipe.  An  extra  hose  with  a  small  >2-in.  blow 
pipe  6  ft.  long  was  kept  in  the  shaft  at  all 
times,  and  when  the  holes  were  being  drilled 
through  ravelly  ground,  and  the  machines  re- 
fused to  throw  the  mud  out,  we  would  take 
the  drill  out  and  send  the  blow  pipe  to  the 
bottom  and  give  the  hole  a  blowing  oat.  By 
doing  this  for  every  12  to  18  ins.  we  easily 
drilled  7-ft.  cut   holes." 

The  Use  of  Blunt  Steel. — In  the  southwest 
there  are  a  great  many  self-rotating  hand- 
hammer  drills  operating  by  steam,  in  soft  rock, 
and  occasional  trouble  was  experienced  until 
a  suitable  bit  had  been  found.  In  one  very 
puzzling  case  where  the  rock  was  a  very  soft 
lime  stone,  6-point  bits  were  at  first  tried,  but 
as  satisfactory  results  could  not  be  obtained, 
the  standard  4-point  cross  bit  was  resorted 
to,  and  while  considerable  improvement  was 
noted,  it  was  felt  that  the  results  could  be 
improved  upon.  The  cross  bits  were  made  and 
then  blunted  to  retard  the  cutting  action  and 
this  successfully  solved  the  problem.  In  rock 
as  soft  as  that  in  question,  sharp  6  and  4- 
point  bits  drill  too  rapidly,  causing  the  cut- 
tings to  wedge  around  the  steels  just  above 
the  bits  and   interfere  with   rotation. 

In  drilling  out  an  old  concrete  foundation 
containing  about  2000  cu.  yds.  of  material,  the 
practice  followed  by  a  contractor  was  as  fol- 
lows :  Holes  were  drilled  to  a  depth  of  30 
to  36  ins.  about  15  ins,  apart,  15  ins.  from 
the  edge,  10  to  12  holes  in  a  row.  Two  feet 
half-round  feathers  about  ^  in.  thick  were 
used  and  a  4-ft.  pointed  steel  wedge  about  \% 
ins.   thick   was   driven   into   each   of  the   holes 


drilled  and  slabs  of  concrete  broken  off.  The 
wedges  were  drixcn  in  all  at  one  time  by  men 
with  sledges.  Drilling  was  all  done  without 
change  of  steel  and  no  special  starters  were 
employed.  In  starting  this  work  "rose"  bits 
were  at  lirst  used,  but  as  it  was  found  that 
fragments  of  concrete  and  pebbles  would 
wedge  between  the  wings  of  the  bit,  and  in- 
terfere with  the  free  rotation  of  the  drill  steel; 
cross  bits  with  broad  exit  passages  between 
the   wings   were   resorted   to. 

In  the  shaft  of  the  Butte-Alex.  Scott  Cop- 
per Co.  which  was  driven  through  hard  and 
almost  dry  granite,  18  to  22  holes,  5  to  6  ft. 
deep,  were  drilled  in  3J/2  to  4  hours'  time, 
including  the  time  consumed  blowing  holes 
out  and  blasting,  and  during  March  of  this 
year,  loi  ft.  of  shaft  was  broken,  although 
operations  were  not  conducted  during  17  shifts 
of  the  month.  Here  difficulty  was  experienced 
in  keeping  the  hole  in  the  steel  open,  and 
the  same  method  resorted  to  as  that  already 
described  to  overcome  the  difficulty.  The  hole 
was  drilled  in  the  hollow  steel  at  a  point  2 
to  3  ins.  above  the  end  of  the  bit,  and  the 
mining  company  states  that  they  are  able  to 
drill  7-ft.  holes,  and  but  very  seldom  ex- 
perience   trouble    from    plugged    steels. 

Punching  the  Hole  in  the  Side  of  Hollo-w 
Steel. — Fig.  9  shows  the  manner  in  which  the 
hole  is  punched  in  the  side  of  hollow-drill 
bits  and  the  style  of  punch  used  in  doing  the 
work.  The  punch  if  dressed  as  shown  at  the 
top  makes  the  job  easy  of  accomplishment 
and  insures  the  closing  of  the  hole  in  the  end 
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FIG.     10. 


FIG.     II    A. 


FIG.    I  I    B. 


of  the  bit.  The  hole  is  punched  part  way 
and  the  punch  withdrawn  and  cooled  in  water. 
It  is  then  inserted  once  more  and  becomes 
sufficiently  heated  by  the  time  it  reaches  the 
natural  hole  in  the  steel  to  take  on  a  slight 
curvature.  The  beveled  edge  of  the  punch 
leads  it  into  the  hole  as  shown,  forcing  the 
metal  just  forward  into  the  hole  that  leads 
out  the  end. 

THE  CARR  BIT. 

A  recent  contribution  to  the  solution  of  the 
drill  bit  problem  is  that  of  the  Carr  bit. 
(Patents  owned  by  the  Ingersoll-Rand  Co.) 
This  bit  while  designed  primarily  for  overcom- 
ing certain  difficulties  in  drilling  rock,  has 
been  found  to  meet  satisfactorily,  not  only 
these  special  conditions,  but  the  ordinary  con- 
ditions as  well.  The  Carr  bit  (Fig.  10)  has 
but  a  single  cutting  edge  and  is  uniform  and 
symmetrical  in  shape.  A  transverse  recess  is 
formed  across  the  center  of  the  bit.  With 
hollow  steel  this  recess  is  tapered  until  it 
runs  into  the  original  hole  through  the  steel. 
With  solid  steel  the  recess  extends  back  about 
y2  in.  from  the  face.  This  recess  tends  to 
act    as    a    pilot,    and    reduces    the    cutting    or 


contact  surface  with  the  rock  to  a  minimum. 
The  thickness  of  the  bit  is  made  equal  to 
the  short  diameter  of  the  steel  and  the  length 
equal  to  the  bit  gauge.  Hollow  drill  steel 
bits  are  conical  in  sliape  and  have  as"  taper 
on  a  side  (Figs.  11,  iia  and  iib).  Solid 
steel  have  straight,  parallel,  cylindrical  sides 
(Figs.    10  and    12). 


FIG.    II. 
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FIG.     12. 

The  advantages  claimed  for  the  Carr  bit 
are :  It  holds  its  gauge  better  than  the  bits 
familiar  to  the  trade;  thereby  increasing  the 
depth  to  which  a  hole  may  be  drilled  before 
having  to  change  steels.  This  reduces  the 
number  of  steels,  dulled  per  shift.  It  drills 
a  round  hole  and  rotates  easily.  It  does  not 
require  more  than  i-i6-in.  variation  in  the 
gauge  of  bits  on  successive  lengths  of  steel, 
thus  avoiding  the  use  of  large  diameter  bits 
and  therefore  reducing  the  amount  of  rock 
to  be  cut.  The  bit  is  very  simple  in  form  and 
very  easily  made,  either  with  hand  tools  or 
in  the  patented  Leyner  sharpener  equipped 
with   Carr  dies. 

The  record  of  experience  shows  cases  where 
holes  have  been  drilled  with  a  single  Carr- 
bitted  steel  to  a  depth  of  16  ft.  through  very 
hard  rock,  with  soft  seams  running  almost 
parallel  with  the  hole  being  drilled,  but  with 
pitch  enough  to  cross  the  line  of  the  hole  at  a 
bad  angle.  The  size  of  bit  used  was  i^-in. 
on  1%-in.  round,  hollow  steel,  and  lost  but 
very  little  of  its  gauge. 

The  idea  of  drilling  a  hole  the  same  size 
from  the  collar  down  to  the  bottom  originated 
with  the  inventor,  from  the  discovery  that  a 
drill  bit  cuts  a  margin  of  clearance  for  itself, 
so  that  the  problem  became  one  of  designing 
a  bit  that  would  effectually  resist  loss  of  gauge, 
v\ould  drill  a  round  hole  and  cut  rapidly. 

To  in.nuc  the  drilling  of  a  round  hole  the 
shape  f}i  the  bit  was  made  such  that  it  would 
be  imposible  for  it  to  go  down  if  the  hole 
were  not  round.  The  next  problem  was  to 
overcome  the  loss  of  gauge.  This  was  done 
by  providint;  the  long  shoulders  curved  con- 
centric with  the  axis  of  the  bit.  This  combined 
with  the  other  feature  necessary  in  drilling  the 
round  hole  formed  a  large  area  on  the  should- 
ers. The  hole  being  round,  and  the  bit  being 
round,  it  simply  rotates  in  the  hole  like  a  shaft 
in  a  boxing.     Rapid  cutting  speed  was  assured 


by  forming  the  tranverse  recess  in  the  centre 
of  the  bit,  for  the  purpose  of  reducing  the 
area  that  comes  in  contact  with  the  rock. 

.\ftor  the  above  had  been  done,  it  was  dis- 
CG\erc(l  that  the  harder  the  blow  delivered  to 
the  steel  and  transmitted  to  the  rock,  the 
larger  would  be  the  hole  cut  by  the  bit.  This 
was  overcome  by  making  the  bit  more  blunt, 
or  with  less  cutting  edge  pitch,  and  it  was 
then  discovered  that  the  blunt  bit  would  cut 
faster  than  the  sharper  pitch,  as  it  would  re- 
duce the  rock  in  the  bottom  of  the  hole  by 
crushing  a  larger  area  and  absorbing  absolute- 
ly all  of  the  blow  to  advantage,  as  there 
would  be  no  slipping  or  sliding  off  of  knots 
or   lumps   in   the  bottom  of  the  hole. 

A  test  of  the  Carr  bit  by  the  Alaska  Tread- 
well  Gold  Mining  Co.  with  a  Bull  Moose  type 
of  Jackhamer,  as  against  the  cross  bit  with 
the  same  machine,  showed  about  20  per  cent 
more  drilling  for  the  Carr  bit,  while  on  the 
regular  Jackhamer  the  Carr  bit  did  about  a 
third  faster  drilling  than  did  the  Cross  bit  im- 
(ler  identical  conditions. — Mining  World. 


AIR  BLASTS  IN  MICHIGAN  MINES 

In  our  issue  for  January,  1912,  page  6303, 
attention  was  called  to  the  recurrence  of 
violent  and  damaging  "air  blasts"  in  some  of 
the  deep  copper  mines  of  Michigan,  especially 
the  Quincy.  It  was  assumed  that  these  oc- 
currences were  due  to  the  sudden  displace- 
ments of  large  volumes  of  air,  caused  by  the 
falling  of  great  areas  of  the  unsupported 
hanging  walls  in  the  old  workings.  Some 
(loul)ts  were  suggested  as  to  whether  or  not 
this  dropping  of  the  rock  was  the  initial  cause. 
Some  of  the  shocks  accompanying  the  blasts 
might  be  characterized  as  local  earthquakes, 
the  tremors  in  some  cases  having  been  noticed 
at  distances  of  several  hundred  miles. 

This  matter  is  revived  in  the  report  of  Mr. 
Charles  L.  Lawton,  general  manager  of  the 
Quincy  mine,  for  the  year  1914,  and  what 
follows    is    reproduced    from   that   report. 

On  March  25,  air-blasts  occuring  throughout 
the  mine  continued  intermittently  for  a  week 
or  ten  days.  As  a  consequence,  various  cross- 
cuts and  drifts  were  crushed  and  closed  up. 
No.  6  shaft-timbers  were  seriously  cru-shed 
between  the  51st  and  58th  levels,  and  No.  2 
shaft  was  crushed  and  closed  between  the 
40th   and  50th   levels. 

About  500  ft.  of  the  crushed  section  of  No. 
2   shaft   had   to  be  entirely  recovered   and   re- 
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timbered  at  an  expense  iiearlv  as  great  as 
that  of  sinking  a  new  shaft.  In  the  remain- 
ing portion  of  the  damaged  shaft,  about  half 
of  the  timbers  were  replaced.  Excellent  work 
was  done,  and  a  speed  record  made  in  recover- 
ing the  shaft  in  the  months  of  April,  May, 
and  June. 

Below  the  50th  level,  the  shaft  was  not 
damaged  by  the  air-blasts,  though  the  cross- 
cuts at  the  57th,  64th,  65th,  and  66th  levels 
were  entirely  closed,  and  the  levels  north 
were  badly  crushed.  The  67th,  68th,  69th, 
70th,  and  71st  levels  north  and  south  were  not 
injured.  The  shaft  has  been  entirely  repaired 
and   is  now   in  good  physical   condition. 

It  was  necessary  to  emplo}^  a  considerable 
force  of  men  for  several  months  to  renew 
and  repair  a  large  proportion  of  the  timbers 
in  tlie  crushed  section  of  No.  6  shaft,  and  to 
strengthen  it  by  filling  the  old  adjacent  stopes 
with  rock,  while  keeping  the  shaft  in  constant 
operation,  in  re-opening  cross-cuts  and  drifts 
that  were  crushed,  and  in  re-opening  and  re- 
timbering  No.  2  shaft.  Thus  the  cost  of  pro- 
duction was  increased  very  much  during  the 
month  following  the  air-blasts,  especially  be- 
cause of  the  loss  of  three  months'  product 
from  No.  2  shaft,  and  consequently  the  im- 
possibility of  operating  the  mine,  railroad,  and 
stamp-mills  as  economically  at  about  65% 
capacity. 

In  earlier  days,  when  air-blasts  were  little 
understood,  it  was  the  custom  to  stope-out  the 
lode  irrespective  of  the  shaft.  If  the  lode  was 
rich  in  copper,  it  was  stoped-out  close  over  or 
under  the  shaft ;  where  the  shaft  was  in  the 
lode,  the  latter  was  stoped  right  up  to  the 
shaft  without  leaving  shaft-pillars.  Going 
through  the  upper  portions  of  No.  2  and  No. 
6  shafts,  is  like  going  down  through  open 
stopes,  with  practically  no  pillars  left  to  pro- 
tect the  shafts.  It  was  in  the  lower  part  of 
these  sections  that  the  caving  and  crushing 
took  place,   with   such   serious   results. 

For  several  years  there  has  been  a  rigid  ad- 
herence to  the  policy  of  leaving  increasingly 
larger  shaft-pillars  as  the  shafts  are  sunk,  in 
order  to  sustain  the  litho-static  pressure  about 
the  shafts.  The  air-blasts  have  never  caused 
any  damage  to  these  sections  of  the  shafts.  At 
the  present  bottom  of  the  mine,  these  pillars 
are  being  left  200  ft.  each  side  of  the  shaft. 

Air-blasts  have  continued  with  more  or  less 
frequency    since    July,    though    they    have    not 


datuagcd  or  retarded  the  work  to  any  great 
extent.  There  were  but  three  fatal  accidents 
during  the  year,  involving  less  than  one-fourth 
of    I    per  cent,  of  the  working  force. 

In  order  to  meet  the  air-blasts  and  prevent 
as  far  as  possible  the  damages  caused  by  them, 
as  fast  as  the  mining  in  each  stope  is  finished, 
the  bottom  of  the  stope  along  the  back  of  the 
level  is  filled  with  poor  rock,  constituting  what 
is  termed  'rib  work.'  Experience  has  taught 
that  these  rock-packs  are  the  most  effective 
means  yet  employed  to  lessen  the  damage 
caused  by   air-blasts. 

.\fter  a  careful  investigition  and  study  of 
the  effects  of  the  series  of  air-blasts  that  oc- 
curred in  1906,  rib- work  was  employed  for  the 
first  time  throughout  what  were  then  the  low- 
er workings  of  the  mine  to  combat  the  dam- 
ages caused  by  these  disturbances.  For  a  num- 
ber of  years  these  rock-packs  proved  effective 
until  the  series  of  1909.  Again  careful  inves- 
tigation and  study  readily  showed  that  the  rib- 
work  was  along  proper  lines,  but  had  not  been 
carried  far  enough.  Therefore  the  packs  were 
made  deeper  in  the  stopes,  that  is,  doubled  in 
size.  For  a  still  longer  period  of  time  these 
rock-packs  proved  sufficient,  until  March  25, 
19 14,  when  another  series  of  air-blasts  oc- 
curred. For  the  third  time  in  has  been  shown 
that  the  rock-packs  proved  to  be  the  best 
means   of  limiting   such   damage. 

In  order,  however,  that  the  highest  effective- 
ness possible  may  be  secured  within  the  limits 
of  profitable  mining  at  greater  depth,  this  rib- 
work  should  be  still  further  strengthened.  It 
is  estimated  that  the  voids  in  the  rock  give  it 
a  shrinkage  of  about  20  per  cent,  at  the  pres- 
ent depth  of  the  mine.  In  order  to  lessen  this 
shrinkage  and  strengthen  the  rib-work,  the 
question  of  filling  the  voids  with  bank-sand, 
st'uup-sand,  or  crushed  rock  is  receiving 
serious  consideration,  inasmuch  as  provi- 
sion must  be  made  for  better  and 
stronger  supports  to  the  back  of  e  ich 
level,  PS  fast  as  stoping  is  finished.  This 
nuist  be  done  so  as  to  avoid  extended  crush- 
ing, and  thus  guard  the  safety  of  the  employ- 
ees, minimize  the  losses  and  e.xpenses  caused 
by  air-blasts,  and  luake  permanent  the  mine's 
future  operations  with  depth. 

During  the  year,  $57,190  was  spent  for  the 
recovery  of  the  shafts  and  levels  that  were 
damaged  by  the  air-blasts,  and  $21,487  has 
been  expended  in  the  fight  toward  preventing 
damages  by  air-blasts. 
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SOME  JACKHAMER  SUCCESSES  IN  ROCK 
DRILLING 

BY    CHARLES    C.     PHELPS 

IThe  following  article  was  first  printed  in 
the  special  "Success"  issue  of  Coal  Age,  April 
3,  1915,    Ed.  C.  a.  M.]. 

Three  years  ago  the  Jackhamer  was  un- 
known to  the  American  coal  miner.  Today 
thousands  of-  these  little  tools  are  in  use  in 
all  branches  of  the  coal  industry — development 
work,  shaft-sinking,  stripping,  driving  gang- 
ways and  cutting  out  seams  of  coal.  They 
are  also  performing  a  multitude  of  other  op- 
erations requiring  the  drilling  of  rock  or  coal. 
In  this  brief  interval  the  Jackhamer  has  es- 
tablished for  itself  an  enviable  reputation  in 
both  the  anthracite  and  bituminous  fields  as  a 
mining  tool  of  exceptional  utility  and  efficiency. 

It  is  probable  that  the  miner  first  came  to 
appreciate  the  value  of  the  Jackhamer  in  con- 
nection with  shaft-sinking.  Some  of  its  best  rec- 
ords have  been  made  in  work  of  this  character, 
and  it  is  now  looked  upon  as  almost  a  neces- 
sity for  this  purpose.  It  works  close  up  to  the 
walls,  keeping  the  shaft  true  to  the  required 
dimensions.  It  starts  to  operate  without  de- 
lay, whereas,  in  a  crowded  shaft,  the  mounted 
type  of  drill  probably  requires  as  much  time 
to  set  up  and  adjust  as  is  needed  for  the  ac- 
tual cutting.  The  steady  rotation  of  the  steel, 
the  rapid  blows  on  the  drill  and  the  constant 
blowing  of  the  exhaust  through  the  hollow 
steel,  which  keeps  the  drill  hole  free  of  cut- 
tings, all  tend  to  produce  rapid  penetration 
and  to  avoid  troublesome  delays, 

SUNK    61    FEET   OF    SHAFT   IN    I7    DAYS 

The  records  of  performance  best  illustrate 
the  successful  achievements  of  the  Jackhamer. 
A  few  typical  cases  follow.  At  the  Bellevue 
Mines  of  the  Delaware,  Lackawanna  &  West- 
ern R.  R.  Co.  coal  department,  Mike  Hoban,  a 
contractor,  sunk  6i  ft.  of  shaft  of  dimensions 
12x14  ^t.  in  hard  sandstone  rock  in  17  days, 
working  three  8-hr.  shifts  daily  and  using  only 
one  Jackhamer.  This  machine  was  in  almost 
continuous  operation,  averaging  280  ft.  of  hole 
drilled   per   shift. 

Dolan  Bros,  recently  sunk  a  shaft  15x16  ft. 
at  the  mine  of  the  Lytle  Coal  Co.,  near  Min- 
ersville,  employing  two  Jackhamers  for  that 
pucpose.  In  four  months'  time,  working 
through  ground  varying  from  very  hard  ma- 
terial to  slate,  they  sunk  359  ft.  of  completed 
shaft,  including  timbering.     There  were  three 


8-hr.  shifts  per  day  and  six  days'  work  per 
week.  These  contractors  say :  "We  have 
sunk  many  shafts  of  this  approximate  size  with 
mounted  piston  drills,  but  never  made  the 
progress  we  have  made  in  this  one."  The 
progress  in  the  case  cited  figures  to  about  90 
ft.  per  month.  Their  best  previous  record, 
using  other  types  of  drills,  was  about  61  ft. 
per  month.  They  evidently  entertain  hopes  of 
exceeding  even  this  figure,  for  they  state 
further:  "If  we  had  installed  a  sharpener  at 
this  job  when  we  started  it,  instead  of  sharpen- 
ing by  hand,  we  believe  we  would  have  ex- 
ceeded this  footage." 

SHAFT    COMPLETED    IN    THREE    MONTHS    AND    ONE 
WEEK, 

Another  interesting  report  is  from  Walter 
F.  Patterson,  Jr.,  of  Pittsburgh,  Penn.  He 
sunk  a  shaft  at  the  Houston  Collieries  Co.'s 
operation  at  Carswell,  W.  Va,  The  size  of 
the  shaft  for  the  first  18  ft.  was  30  ft,  4  in. 
by  22  ft.  4  in.  Below  that  level  it  narrowed 
to  24  ft.  4  in.  by  16  ft.  4  in.,  and  continued 
with  those  dimensions  till  it  reached  the  bot- 
tom at  253  ft.  The  monthly  progress  was  as 
follows : 

March,  1914   .  96  ft.  excavation,  58  it.  timbering 

April,  1914  ..  ,  86   ft.   excavation,   53    ft.   timbering-,  1 

water  ring 

May,  1914   ...   54  ft.  excavation.  109  ft.  timbering.  1 

water  ring,  270  cu.yd.  concrete  , 

June   (8  days)"  17   ft.   excavation.   33   ft.   timbering.  4 

strings,   guides,   brattice  and  stairs 

Three  Jackhamers  were  employed  per  shift 
on  an  average. 

The  weekly  average  was  18  ft.  of  completed 
shaft. 

IN   STRIPPING  WORK  STEAM   CAN  BE  USED  AS  FUR- 
NISHED   BY    SHOVEL. 

In  all  of  the  work  previously  referred  to,  the 
Jackhamers  were  operated  by  compressed  air. 
They  work  almost  equally  as  well  on  steam. 
This  feature  is  particularly  desirable  in  coal 
stripping,  as  the  Jackhamers  can  be  run  by  steam 
furnished  by  the  steam  shovel  used  in  strip- 
ping. During  some  observations  on  the  use  of 
steam-operated  Jackhamers  for  coal  stripping 
in  Kansas  the  operator  drilled  14  one-foot 
holes  in  the  sandstone  cap  rock  in  20  min.  In 
the  coal  bed,  which  is  4  ft.  thick,  several  4-ft. 
blast  holes  were  drilled,  the  average  time  for 
completion  being  3  min.  each,  whereas  it  re- 
quired an  average  of  20  to  30  min.  to  accom- 
plish the  same  result  by  hand.  The  exhaust 
steam  kept  the  hole  as  clean  of  cuttings  as  if 
compressed  air  had  been  employed. 
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HOUSTON    COLLIERIES    CO.'S    SH 
USING   THE   HAMMER  DRILL  IN   AN    ELECTRICALLY 
OPERATED    MINE. 

The  development  of  the  electrically  driven 
mine-car  compressor  has  greatly  broadened  the 
field  of  usefulness  of  pneumatic  coal-mmmg 
machines  for  underground  operations  and  this 
applies  especially  to  the  Jackhamer. 

Several  other  electrically  equipped  mines  are 


AFT   AT    CARSWELL,    W.    VA. 

adopting  the  same  method  for  drilling  blast 
holes  in  both  rock  and  coal.  It  is  a  simple 
matter  to  move  such  units  from  place  to  place 
in  a  mine  wherever  they  may  be  needed.  They 
are  run  over  the  regular  mine  tracks,  de- 
railed wherever  desired  and  placed  to  one 
side.  It  is  a  simple  matter  to  connect  them 
up   electrically,   and   they   require   little   atten- 
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tion  to  operate,  being  self-regulating,  self-lu- 
bricating and  having  a  hopper  type  of  water- 
jacket  that  requires  refilling  only  at  intervals 
of  several  hours.  The  compressed  air  leaves 
the  compressor  in  a  somewhat  heated  state, 
which  is  a  source  of  economy  and  avoids  all 
necessity  for  a  reheater. 

SERVES  WELL  FOR  DRILLING  COAL. 

There  is  scarcely  a  substance  known  that  the 
Jackhamer  will  not  penetrate  with  ease^— from 
the  hardest  granite  to  the  softest  coal.  The 
same  steel  may  be  used  for  penetrating  dif- 
ferent materials,  although  larger-diametelr 
steels  are  usually  employed  in  drilling  coal. 
"The  Jackhamer  is  capable  of  driling  in  either 
coal  or  rock,  which  makes  it  a  much  handier 
tool  around  a  mine  than  the  ordinary  coal 
auger,"  writes  W.  B.  Earnest,  of  Cordova, 
Ala.,  who  has  been  using  the  Jackhamer  in 
the   Indian   Head   Mines. 

He  continues :  "It  is  so  far  ahead  of  the 
coal  auger  as  to  make  the  odds  ten  to  one. 
In  using  this  Jackhamer  drill  you  do  not  know 
when  you  strike  a  sulphur  ball,  whereas  with 
the  coal  augers  you  readily  know  it,  as  you 
will  have  to  replace  your  auger  because  the 
points  break  when  the  sulphur  ball  is  en- 
countered." In  boring  coal .  for  blasting  Mr. 
Earnest  uses  a  6-ft.  steel  with  a  bit  of  large 
diameter  and  runs  it  straight  in  without 
changing   steels   and   without   any    support    for 


the   Jackhamer    other   than    the    hands    of   the 
operator. 

TWO    FEET    OF    HOLE    PER    MINUTE    IN    HARD    COAL. 

In  the  St.  Clair  Division  of  the  Philadel- 
phia &  Reading  Coal  &  Iron  Co.  the  Jack- 
hamer was  observed  to  drill  very  hard  coal 
at  the  rate  of  2  ft.  of  2-in.  hole  per  minute, 
using  twisted  steel  and  a  i^-in.  sheep-nose 
bit.  This  type  of  bit  worked  without  raising 
any  dust,  which  was  particularly  appreciated 
by  the  drill  runners. 

In  telling  of  it^  experiences  with  the  Jack- 
hamer the  Rex  Coal  Co.,  of  Kitts,  Ky.,  states : 
"We  have  a  hard  sandstone  top  and  with  this 
drill  we  can  put  up  a  6-ft.  hole  in  from  15  to 
18  min.  Before  we  got  this  drill  we  were 
paying  $4  per  yard  for  entry  work ;  now  we 
pay  $1.75  and  drill  the  rock,  which  makes 
a  total  cost  of  less  than  $2  per  yard.  The 
Jackhamer  is  the  finest  thing  we  have  ever 
seen  in  the  way  of  a  drill.  One  man  operates 
it  and  doesn't  use  any  support  for  it  at 
all." 

DRILLS    WITHOUT    MOUNTING. 

The  few  cases  cited  in  the  foregoing  para- 
graphs will  enable  one  to  appreciate  the  rea- 
sons for  the  success  which  the  Jackhamer  has 
achieved  in  coal  mining.  The  ordinary  mount- 
ed drill  would  be  quite  out  of  the  question  for 
drilling  blast  holes  in  coal,  for  more  time 
would  be  wasted  in  setting  it  up  than  in  drill- 
ing. The  Jackhamer,  on  the  contrary,  can  be 
kept  cutting  nearly  one  hundred  per  cent,  of 
the  time  if  desired.  For  the  same  reason  it 
has  supplanted  the  mounted  type  of  drill,  for 
cutting  rock  and  is  used  for  this  purpose  in 
many  coal  mines. 

It  strikes  many  hundred  blows  per  minute, 
which  is  the  principal  reason  for  its  great 
cutting  speed.  It  is  a  popular  tool  with  the 
miners  not  only  because  it  enables  them  to 
increase  their  production  but  also  because  it  is 
an  easy  matter  to  manipulate  it.  Weighing 
only  40  lb.,  it  is  as  easy  to  use  in  drilling  a 
"flat"  as  in  sinking  a  "down"  hole;  and  in 
fact  it  is  occasionally  used  for  drilling  "up** 
holes.  The  Jackhamer  requires  little  physical 
effort  on  the  part  of  the  runner,  as  it  is  merely 
necessary  to  apply  it  to  the  desired  spot  and 
guide  is  as  it  cuts.  The  Jackhamer  drill  is 
manufactured  by  the  Ingersoll-Rand  Co.,  of 
New    York   Citv. 
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A  GAS  ENGINE  DRIVEN  NATURAL  GAS 
COMPRESSOR 

One  of  the  most  interesting  of  the  many  en- 
gineering features  of  a  natural  gas  transmis- 
sion system  is  the  compressor  station,  where 
the  pressure  of  the  gas  is  raised  sufficiently 
high  to  furnish  the  desired  volume  to  the  most 
distant  point  of  distribution.  Experience  early 
demonstrated  the  natural  or  rock  pressure  of 
the  wells  in  gas  fields  to  be  unreliable  under 
variable  ranges  of  consumption  and  weather 
conditions.  So  in  order  that  an  adequate  supply 
may  be  always  at  hand  over  the  entire  system 
imder  wide  ranges  of  consumption,  it  is  neces- 
sary that  the  pressure  throughout  the  lines  be 
maintained  constant  and  uniform.  This  is  done 
by  putting  the  gas  through  compressor  cylin- 
ders, and  the  type  of  machine  now  generally 
used  for  this  purpose  is  shown  in  the  half  tone 
on  this  page. 

This  compressor  consists  of  a  gas  engine 
with  gas  compressing  cylinders  directly  con- 
nected to  the  front  end  of  the  bed.  It  is  one 
of  three  units  of  the  same  general  type  in  the 
plant  of  the  Medina,  Ohio,  Gas  and  Fuel 
Co.'s  compressor  station,  at  Mansfield,  Ohio. 
The  Medina  Company  obtains  is  gas  from  the 
Ashland  and  Wayne  County  (Ohio)  gas  fields, 
and  supplies  a  number  of  cities,  including 
Mansfield,  Lima  and  St.  Mary's,  and  interme- 
diate towns  along  its  150  miles  of  main  trunk 
lines.  More  than  22,000  customers  are  sup- 
plied over  the  entire  territory  covered  by  the 
company's  distributing  system.  No  expense 
has  been  spared  in  the  equipment  of  the  com- 
pressor station  and  the  distributing  system  to 
provide  every  possible  safeguard  for  the  pro- 
tection of  their  customers  against  shortage 
or  shut-off  of  gas  supply. 

The  gas  engines  were  built  by  the  C.  &  G. 
Cooper  Co.  of  Mt.  Vernon,  Ohio.  This  con- 
struction of  driving  the  compressor  cylinders 
■direct  coupled  to  the  engine  piston  rods  at  the 
front  end  of  the  engine  beds  has  become  an 
accepted   standard   in   compressing  work. 

The  station  contains  two  single  tandem  en- 
gines of  the  horizontal  double-acting  type, 
having  cylinders  of  21^"  diameter  and  36" 
stroke,  each  rated  at  480  brake  horse  power; 
also  one  twin  tandem  engine  having  the  same 
size  cylinders,  rated  at  960  brake  horse  power 
when  operating  at  125  revolutions  per  minute. 
The  compression  is  accomplished  in  two 
stages.      The    twin    tandem    drives    two    3oV\- 
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hurricane  type  Ingersoll-Rand  cylinders,  which 
compress  the  gas  through  the  first  or  low 
pressure  stage.  These  cylinders  are  designed 
to  deliver  about  15,000,000  cubic  feet  of  free 
gas  per  24  hours  at  10  lbs.  suction  pressure, 
anci  deliver  the  gas  to  the  second  or  high 
pressure  stage,  at  about  60  lbs.  pressure.  The 
two  single  tandem  units  each  drive  a  isH" 
high  pressure  Hall  compressor  cylinder,  which 
receives  the  gas  from  the  low  pressure  stage 
at  about  60  lbs.  pressure,  and  discharges  it 
to  the  pipe  line  at  about  200  lbs.  pressure. 
The  two  cylinders  have  a  combined  capacity 
of  about  12,000.000  en.  ft.  of  free  gas  per  24 
hours. 
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FIG.    2. 

The  simplicity  of  starting  and  stopping  these 
machines  is  a  feature.  Fig.  2  shows  the  floor- 
stand  throttle  or  operating  center.  The  gas, 
the  air-starting  and  the  water  valves,  as  well 
as  the  ignition  switch,  are  all  located  on  this 
stand.  To  start  the  engine  it  is  only  necessary 
to  open  the  compressed  air  valve  which 
"cranks"  it.  The  gas  valve  is  then  opened, 
and  as  soon  as  ignition  takes  place  in  the 
cylinders,  the  pressure  air  automatically  is  re- 
placed by  the  regular  explosive  mixture,  and 
the  air  starting  valve  automatically  is  thrown 
out  of  service  when  the  air  valve  on  the  throt- 
tle stand  is  closed.  Two  valves  on  the  floor 
stand  throttle  control  the  water  circulation, 
one  the  jacket  cooling  water  which  passes 
first  through  the  exhaust  valve  chambers,  then 


through  the  cylinder  jackets  and  out  to  the 
overflow  pipe.  In  the  latter  system,  after 
passing  through  the  cylinder  heads,  the  water 
enters  the  piston  rods  at  the  intermediate 
cross-head,  flowing  in  opposite  directions,  and 
passing  out  through  outlets  provided  at  the 
main  and  rear  crossheads.  This  arrangement 
of  cooling  serves  to  maintain  uniform  tem- 
peratures in  each  cylinder,  each  piston  rod 
and  each  piston.  The  gas  and  air  piping  is 
arranged  so  as  to  provide  a  stairway  and  plat- 
form for  the  convenience  of  the  operator  hi 
inspecting  and  oiling  the  inlet  valves  and  gear. 


TESTING    THE  SENSITIVITY  OF    DYNAMITE 

.A.  question  having  arisen  recently  between  a 
mining  company  and  a  powder  company  re- 
garding the  quality  of  the  gelatin  furnished, 
the  manufacturer  sent  a  representative  to  in- 
vestigate. A  test  of  the  sensitiveness  of  the 
powder  was  conducted  as  follows :  A  stick  of 
the  gelatin  was  cut  in  halves  and  into  one  half 
was  inserted  a  cap  and  fuse.  A  paper  tube  was 
made  by  rolling  a  piece  of  ordinary  letter  pa- 
per about  the  stick  so  that  the  two  halves 
were  12  in.  apart  end  to  end,  after  which  the 
fuse  was  lighted.  The  explosion  of  the  prim- 
er-half did  not  explode  the  other  half  of  the 
stick  but  blew  it  about  15  or  20  ft.  away  and 
left  it  frayed  up  and  looking  like  a  sponge. 
A  second  stick  was  similarly  cut,  rolled  and 
fired,  the  distance  between  the  two  ends  being 
5  in.  The  result  was  practically  the  same.  A 
third  stick  was  cut  and  similarly  fired,  the  two 
ends  of  the  cut  stick  being  2  in.  apart,  and  in 
this  instance  the  primer  half  exploded  the  oth- 
er half  of  the  stick. 

This  test  proved  to  the  mining  company  that 
the  gelatin  was  no  good,  inasmuch  as  it  was  so 
insensitive  to  shock  that  half  a  stick  of  the 
powder  with  a  strong  detonating  cap  would 
not  shoot  oflf  another  stick  of  the  same  gela- 
tin until  it  was  within  2  in.  of  it.  The  test 
proved  to  the  powder  representative  that  the 
powder  was  all  right,  because  if  it  would  ex- 
plr)de  a  stick  2  in.  away  from  it,  it  certainly 
would  explode  a  stick  touching  it,  which  would 
be  the  case  in  a  loaded  drill  hole.  Thus  was 
demonstrated  the  sensitiveness  of  the  powder 
to  detonation,  the  sensitiveness  of  the  manu- 
facturing company  to  criticism,  and  the  sensi- 
tiveness of  the  mining  company  to  conviction. 
—  Mining  Journal. 
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on  trucks  in  the  tunnel  and  moved  along  with 
the  work.  Fig.  2  shows  a  type  of  equipment 
in  which  the  low-pressure  grouting  was  car- 
ried on  as  usual  with  the  air  furnished  from 
the  surface  compressor  plant,  but  the  high- 
pressure  grouting  was  done  with  the  small 
compressor  driven  from  the  lighting  or  power 
circuits. 

Still  another  style  of  equipment  is  shown  in 
Fig.  3.  Here  a  20-hp.  Westinghouse  three- 
phase  motor  drives  a  two-stage  Ingersoll- 
Rand  belt  driven  compressoi 
at  210  r.p.m.,  delivering  129  cu. 
ft.  of  air  per  min.  at  a  pres- 
sure of  350  lb.  per  sq.  in.  A 
73^  hp.  motor  of  the  same 
type  as  the  larger  one  drives 
a  double  acting  geared  Mc- 
Gowan  pump,  delivering  50  gal. 
of   water  per   min. 


Meosuremerr^ 
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F1&.  3    ELECTRIC-DRIVEN    COMPRESSOR    FOR    BOTH    LOW- AND    HIGH- PFiESSURE  WORK 

COMPRESSOR   AND    GROUTING  OUTFIT. 


DIFFERENT  COMPRESSORS  AND  GROUTING 
OUTFITS  FOR  CATSKILL  AQUEDUCT 

BY    WALTER    E.    SPEAR. 

The  accompanying  illustrations  show  the 
equipment  employed  in  grouting  the  City  Tun- 
nel of  the  Catskill  Aqueduct.  Fig.  i  shows  the 
arrangement  of  plant  commonly  used  on  the 
Catskill  Aqueduct,  which  was  adopted  in  some 
sections  of  the  City  Tunnel.  Air  piped  from 
the  compressor  plant  on  the  surface  was  de- 
livered directly  to  the  grout  tanks  at  pressures 
of  80  to  100  lb.  per  sq.  in.  for  the  low-pressure 
work.  When  the  grouting  required  higher 
pressures  the  air  was  further  compressed  to 
200  or  300  lb.  per  sq.  in.  by  means  of  an  aux- 
iliary air-driven  compressor  or  "booster,"  sup- 
plied from  the  compressor  at  the  surface. 

On  several  sections  of  the  City  Tunnel  com- 
pressed air  was  furnished  for  the  grouting  by 
small  electrically  driven  compressors  mounted 


With  this  plant  both  the  low-and  high- 
pressure  grouting  was  done  with  the  electrical- 
ly driven  compressor  in  the  tunnel.  The 
adoption  of  this  equipment,  in  which  the  com- 
pressor in  the  tunnel  could  be  operated  only 
when  grouting  was  actually  being  done,  made 
unnecessary  the  more  or  less  continuous  oper- 
ation of  the  large  compressor  plant  on  the  sur- 
face and  effected  a  further  economy  in  avoid- 
ing the  piping  of  compressed  air  through  the 
tunnel  for  the  grouting  work. — Engineering 
Ne7vs. 


The  International  Signal  Company  has 
brought  out  a  device  that  automatically  reduces 
train  speed  to  any  desired  rate  whenever  a 
train  approaches  a  switch  or  crossover,  gives 
a  short,  sharp  signal  audible  to  crew  and  pas- 
sengers, and  automatically  stops  a  train  en- 
tering a  block  that  is  not  clear. 


7^34 


COMPRESSED  AIR  MAGAZINE. 


SAND  BLAST  CONDITIONS  FOR  EFFICIENCY 

BY    JAMES    M.    BETTON. 

No  sand  blast  can  work  at  best  efficiency 
without  an  ample  supply  of  compressed  air 
carried  at  an  even  and  steady  pressure.  The 
air  must  be  free  from  oil  and  moisture,  which 
will  otherwise  condense  on  the  sides  of  the 
sand  tank,  run  down  and  cake  the  sand  about 
the  sand  valve  besides,  especially  in  the  case 
of  oil,  clogging  the  air  pipes. 

The  quantity  of  compressed  air  consumed 
by  any  sand  blast  is  only  the  amount  that  is 
delivered  through  the  nozzle,  barring  leakage. 
The  size  of  the  air  inlet  to  the  sand  blast 
does  not  modify  this,  the  quantity  of  air  used 
is  that  which  finally  issues  from  the  nozzle 
mi.xed  with  the  sand.  This  applies  to  any 
make  of  sand  blast. 

The  horsepower  required  to  compress  lOO 
cubic  feet  of  free  air  from  atmosphere  to  the 
various  pressures,  with  one-stage  compression, 
is  given  in  Table  I. 

No  allowance  is  made  for  friction  of  air 
in  compressor  or  piping,  for  which  15  to  20 
per   cent,   should   be   added. 

To  ascertain  the  power  required  to  supply 
any  sand  blast  with  compressed  air  under  a 
given  pressure,  multiply  the  quantity  of  air, 
in  cubic  feet,  discharged  per  minute  from  a 
nozzle  of  the  diameter  selected,  under  the 
stated  pressure,  by  the  actual  horsepower  re- 
quired to  compress  100  cubic  feet  of  free  air, 
as  shown,  and  add  20  per  cent,  for  friction. 
This  is  worked  out  in  Table  IT,  which  gives 
the  quantity  of  air  discharged  through  nozzles 
of  various  diameters  under  the  usual  limits 
of  working  pressures.  20  per  cent,  being  added 
for   friction. 

HOW    THE    SAXU    WORKS. 

Regulate  the  flow  of  sand  into  the  current  of 
air  so  that  just  enough  will  issue  from  the  noz- 
zle to  give  a  good  cutting  effect.  The  sand 
cleans  an  object  by  striking  an  infinite  num- 
ber of  sharp  blows  on  a  small  area,  and  not  by 
the  friction  of  the  particles  sweeping  over  it. 
Just  enough  sand  will  enable  each  grain  to  get 
in  good  work.  Too  much  will  cause  the  par- 
ticles of  sand  to  rub  on  one  another  and  reduce 
their  energy  by  the  friction  of  their  particles. 

As  a  rule,  hold  the  nozzle  about  6  inches 
from  the  surface  to  be  cleaned,  at  an  angle  of 
from  30  to  45  degrce>.  Use  coarse  sand  in 
preference  to  fine,  for  general  cleaning.  It 
does  quicker  work  with   less  dust  and  breaks 


TABLE    I 


Cage 
pressure, 
pounds. 

2 

5.... 

10 

15 

20 

25.... 

30 

35 


Actual 
horse- 
power. 
0.93 


Gage 
pressure, 
pounds, 


Actual 
horse- 
power. 


...  1.96 

...  3 . 60 

...  5.03 

...  6.28 

...  7.42 

...  8.47 

...  9 . 42 

40 10.30 

45 11.14 

50.... 11.90 


55 12.67 


60. 
70. 


...  13.41 

...  14.72 

75 15.37 

80 


...    15.94 
85 16.50 


90. 
100. 


....  17.06 

...  18.15 

125 21.00 

150 24.00 


into  smaller  particles  which  can  be  used  again. 
Dry  all  sand  over  a  fire,  either  on  an  iron  plate, 
stirring  continuously,  or  in  a  sand-drying 
stove.  Sand  that  contains  any  moisture  can- 
not be  depended  upon  to  flow  from  the  sand 
tank  by  gravity.  Do  not  use  sand  that  con- 
tains clay,  loam  or  burnt  sand,  all  of  which 
cause  unnecessary  dust  in  the  cleaning  room. 
Clay  and  loam  can  be  washed  out  of  the  orig- 
inal sand,  if  better  cannot  be  procured,  and 
burnt  sand  sifted  out  by  a  double-decked 
screen.  All  sand  should  be  run  through  a 
No.  8  mesh  screen  before  being  placed  in  the 
sand  tank.  Stones,  chips,  shells,  leaves  and  pa- 
per will  surely  clog  the  nozzle  and  interrupt 
the  blast,  unless  they  are  removed. 

Make  the  air  piping  between  the  air  receiver 
and  the  sand  blast  as  short  and  direct  as  pos- 
sible. Do  not  reduce  it  below  the  size  the  air 
connection  calls  for  and,  if  the  distance  is  over 
75  feet,  make  it  at  least  one  size  larger.  This 
reduces  the  friction  of  the  air  in  the  piping 
and  gives  a  volume  of  air  behind  the  sand 
blast.  Keep  the  air  piping  tight  and  protect  it 
from  the  cold  if  it  is  exposed,  preventing  con- 
densation. If  the  air  is  damp  when  it  reaches 
the  sand  tank,  use  a  moisture  separator  near 
the  tank,  or  trap  out  the  moisture  from  the 
bottom  of  a   U-shaped  bend. 

1  f  a  pressure-reducing  valve  is  used  to  cut 
down  the  air  pressure  in  the  sand  blast,  put  a 
small  air  receiver  in  the  air  line,  between  the 
reducing  valve  and  the  sand  blast,  to  give  a 
good  body  of  air  behind  the  blast,  as  well  as 
to  condense  moisture.  Keep  the  pressure  re- 
ducing valve  clean  and  free  from  pipe  scale  in- 
side, to  obtain  best  results. 

The  air  compressor  should  be  of  sufficient 
capacity  and  power  to  supply  freely  the  quan- 
tity of  air  discharged  by  the  sand  blast  nozzle 
under  the  selected  pressure,  and  to  maintain 
this  pressure  exenly.  When  you  have  determ- 
ined the  quantity  of  air  needed,  buy  a  compres- 
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1.M5LK      II 


CUBIC 

FEET 

OF   FREE   AIR   DISCHARGED    PER 

MINUTE    BY 

SAND 

BLAST 

NOZZLES.   WITH    HORSEPOWER 

REQUIRED    FOR   OPERATION— 20   ] 

PER   CENT   ADDED    FOR    FRICTION 

Single    St.igt 

:   ('oriipi 

rcssion   a 

t    Sc.i    I. 

.cvcl 

♦Horsepower. 
•Free    air. 

Diam 

(...XC 

prcssii 

re,    |M)iiri( 

Is. 

nozzle 

^ 

inches 

2 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

60 

70 

80 

90 

'A 

» 

2.435 

3.86 

5.45 

6.65 

7.70 

8.60 

10.00 

11.20 

12.27 

13.40 

1450 

16  80 

19.00 

21.20 

23  5 

0.026 

0  09 

0  24 

0.40 

0.58 

0,77 

1.02 

1.26 

1  51 

1.79 

206 

2  70 

3.35 

4.06 

48 

A 

5.45 

8.72 

12.30 

15.00 

17.10 

19.40 

22.40 

25.00 

27.40 

30.40 

32.80 

37.50 

42.90 

47.50 

52.4 

0.06 

0.20 

0.53 

0.90 

1.33 

1.73 

2.27 

282 

3.42 

4.04 

4.68 

6.03 

7.57 

9.08 

10.7 

!4 

9.74 

15.40 

21.80 

26.70 

30.80 

34.50 

40.00 

44.70 

49.00 

53.80 

58  20 

67.00 

76.00 

85.00 

94.0 

0.11 

0.36 

0.94 

1.60 

2.32 

3.07 

4.05 

5.05 

6  05 

7.19 

8.31 

10.77 

13.40 

16.26 

19.2 

A 

16.18 

24.12 

34.00 

41.75 

4825 

54,00 

6300 

70.00 

76.75 

84  00 

91.00 

105.00 

119.00 

132.50 

147.0 

0.18 

0.56 

1.46 

2.50 

3.64 

.4.80 

6.41 

7.90 

9.50 

11.23 

13.00 

16.90 

21.00 

25.34 

30.0 

H 

21.95 

34.60 

49.00 

60.00 

69.00 

77,00 

90.00 

100.00 

110.50 

121.00 

130.00 

151.00 

171.00 

191.00 

2110 

0.24 

0.81 

2.11 

3.62 

5.20 

6.90 

9.14 

11.30 

13.65 

16.20 

18.60 

24.30 

30.00 

36.50 

432 

% 

39.00 

61.60 

87.00 

107.00 

123.00 

138  00 

161.00 

179.00 

196.40 

215.00 

232.00 

268.00 

304.00 

340.00 

376.0 

0.43 

1.44 

3.75 

6.45 

9.26 

12.24 

16.30 

20.16 

24.24 

28.70 

33.10 

43.10 

54.00 

65.00 

77.0 

H 

61.00 

96.50 

136.00 

167.00 

193.00 

21600 

252.00 

280.00 

307.00 

336.00 

364.00 

420.00 

476.00 

532.00 

587.0 

0.68 

2  27 

5.87 

10.00 

14.54 

19.20 

25.61 

31.70 

37.90 

44.90 

52.00 

68.10 

84.00 

101170 

120.0 

J4 

87.60 

133.00 

196  00 

240.00 

277.00 

31000 

362.00 

400.00 

441.80 

482.00 

522.00 

604.00 

685.00 

765.00 

843.0 

0.97 

3.13 

8.46 

14.50 

21  00 

27.60 

36.70 

45.20 

34.60 

64.40 

74.70 

97.20 

121.00 

146.40 

173.0 

H 

•1 

119.50 

189.00 

267.00 

326.00 

378.00 

422.00 

493.00 

550.00 

601.30 

658.00 

710.00 

823.00 

930.00 

1,004.00 

1.145.0 

1.33 

4.44 

11.53 

19.67 

28.50 

37.60 

50.00 

62.10 

75.50 

89.00 

101.40 

132.00 

164.00 

192.00 

234.0 

1 

156.00 

247.00 

350.00 

427.00 

494.00 

550.00 

645.00 

715.00 

785.40 

860.00 

930.00  1.070.00 

1,215.00 

1,360.00 

1,500.0 

t 

1.74 

5.81 

15  10 

25.80 

37.20 

50.00 

65.50 

80.80 

102.00' 

115.00 

132.80 

172.00 

215.00 

260.00 

308.0 

•sor  of  about  double  this  quantity.  The  addi- 
tional quantity  will  be  very  quickly  utilized  in 
3'our  work  .and  the  first  cost  will  not  be  un- 
reasonably greater.  You  will  not  regret  doing 
this.  You  cannot  get  the  air  receiver  too 
large. 

For  large  nozzles,  ^-inch,  ^-inch,  ^-inch 
or  -^^-inch  diameter  of  bore,  the  air  pressures 
of  20  to  40  pounds,  use  1^/4 -inch  hose  at  least. 
For  pressures  45  to  80  pounds  use  ^-inch  de- 
livery hose  and  ^-inch  nozzle.  This  size  hose 
is  easier  to  handle,  does  not  fatigue  the  opera- 
tor as  much  as  a  larger  size  and  the  highest 
velocity  of  the  mixed  air  and  sand  is  main- 
tained. Do  not  kink  or  bend  the  hose  to  shut 
off  the  sand.  It  destroys  the  hose  very  quickly 
fills  the  tube  with  solid  sand,  which,  with  the 
power  required  to  eject  it,  is  wasted  as  far  as 
working  effect  is  concerned.  If  this  were  not 
the  case,  every  sand  blast  would  be  provided 
with  a  shut-off  valve  at  the  nozzle  end  of  the 
hose. 

NOZZLES. 

All  nozzles  will  wear,  some  faster  than  oth- 
ers, and  no  nozzle  has  yet  been  made  that  will 
stand  up  to  this  severe  work  for  any  length  of 
time.  The  material  of  which  a  nozzle  is  made 
makes  very  little  difference  in  the  rapidity  of 
its  wear.  All  wear  too  quickly.  A  short  noz- 
zle wears  better  usually  than  a  long  one  in 
which  the  sand  eddies  from  side  to  side,  ex- 
pending valuable  energy  in  wearing  out  the 
containing    tube. 

As  the  nozzle  wears,  the  consumption  ot 
air  increases  very  rapidly,  for  which  reason  it 
is  not  good  economy  to  continue  to  use  a 
nozzle  that  is  worn  much  beyond  the  original 
bore.     Valuable  power  is  easily  wasted  in  this 


manner  and  a  compressor  closely  calculated 
for  given  work  may  easily  become  overworked. 
Change  the  nozzle  when  its  outlet  becomes 
appreciably  greater  than  the  original  bore  and 
save  the  air.  A  cylindrical  nozzle  never  wears 
at  the  point  of  entrance  but  always  at  the 
outlet  end.  A  disc  nozzle,  on  the  contrary, 
wears  on  the  inlet  side  and  not  at  the  out- 
let, hence  the  volume  of  air  consumed  always 
remains   constant  and   the  pressure   steady. 

Make  the  cleaning  room  as  simple  and  as 
light  as  possible.  Admit  light  •  from  above 
when  possible.  Make  the  floor  of  steel  sheets 
to  retain  the  sand  and  have  all  walls  tight  and 
protected  from  the  flying  sand. 

Make  the  dust  outlet  near  the  floor,  in  the 
wall  opposite  the  door  and  connect  to  it  an 
ample  exhaust  fan.  The  dust  will  then  be 
drawn  down  and  away  from  the  worker's 
face  and  the  fan  suction  may  be  increased  to 
a  point  at  which  the  dust  is  always  kept  away 
from  him.  Admit  fresh  air  through  door. 
Locate  the  cleaning  room  so  that  the  castings 
may  come  to  it  in  regular  order.  Save  steps 
and  time. 

Put  the  sand  blast  in  charge  of  an  intelligent 
workman  who  understands  the  machine  and 
elevate  the  work  from  a  "job"  to  a  departmeni. 
giving  due  credit  for  prompt,  quick  and  clean 
work.  The  sand  blast  is  as  important  and 
useful  a  tool  in  the  shop  as  a  lathe,  drill, 
planer,  grinder  or  other  machine  tool  and  will 
save  its  cost  when  properly  located  and  han- 
dled. The  sand  blast  requires  dry  air  under 
proper  pressure  and  dry  sand  to  give  satis- 
factory results.  The  sand  must  flow  from  the 
sand  tank.     You  cannot  ram  it  through. — The 
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SHOWING    CHANGE    IN     OIL    riPE. 

LUBRICATING  COMPRESSOR  PISTON  ROD 

The  stuffing-boxes  on  two  ice  machines  in  a 
small  refrigerating  plant  gave  considerable 
trouble.  Unless  three  or  four  times  as  much 
oil  as  is  usually  needed  was  supplied,  the  rods 
would  cither  run  hot  or  leak  and  the  packing 
would  soon  wear  out.  It  was  difficult  to  keep 
engineers  for  a  time  after  the  plant  was  started 
and  most  of  them  kept  out  of  trouble  with  the 
ammonia  rOds  by  using  excessive  quantities  of 
oil. 

Finally,  a  man  came  along  that  stuck  to  the 
job.  As  soon  .as  he  was  settled  he  turned  his 
attention  to  the  ammonia  rods.  The  oil-cup 
connections  to  the  stuffing-boxes  struck  him 
as  peculiar  and  not  according  to  the  best  prac- 
tice, so  he  decided  to  change  them. 

The  sketch  shows  the  oil  cup  in  the  changed 
position  and  also  shows  its  original  location. 
The  machines  were  of  the  horizontal  double- 
acting  type.  In  this  machine  there  is  usually 
more  or  less  gas  escaping  through  the  con- 
nection to  the  suction  line.  With  the  original 
connection  the  escaping  gas  carried  much  of 
the  oil  along  with  it  into  the  suction  line  and 
into  the  system ;  in  fact,  the  system  was  loaded 
with  oil,  as  was  found  later.  Connecting  the 
oil  cups  to  the  under  side  of  the  stuffing-box 
overcame  this  defect  and  thereafter  a  small 
amount  of  oil  was  needed. — Thomas  G.  Thurs- 
ton, in  Power. 


AN  AIR  LIFT  ELIMINATES  CORROSION 

By  utilizing  the  airlift  principle  to  puniy 
coagulant  solution  in  the  filtration  plant  at 
Ottumwa,  Iowa,  H.  A.  Brown,  superintendent, 


has  eliminated  pump  corrosion  difficulties. 
Originally  the  plant  was  equipped  with  small 
centrifugal  pumps  made  of  "acid-proof" 
bronze.  They  were  serviceable  only  a  little 
more  than  two  years,  being  so  badly  eaten 
away  by  that  time  as  to  render  them  useless. 

To  solve  the  annoying  problem  the  super- 
intendent conceived  the  idea  of  using  an  air- 
lift and  installed  an  experimental  pump  con- 
sisting of  a  i^-in.  pipe  placed  in  the  solution 
tank  and  discharging  into  a  receiving  tank 
over  the  orifice  box.  The  bottom  end  of  the 
i^-in.  pipe  was  split  for  about  6  in.  to  re- 
ceive the  upturned  end  of  a  ^-in.  air  pipe. 
This  crude  form  of  an  air-lift  worked  satis- 
factorily until  the  solution  in  the  tank  was 
one-third  used  up.  Due  to  an  insufficient 
submergence,  the  remainder  of  the  liquid  could 
not   be   discharged. 

Receiving  Tank-, 


r  "Go I  V.Iron 


^j'AirPipe 


AIR    LIFT    IN    FILTERATION     PLANT. 

A  permanent  installation  was  made  by  con- 
necting a  12  x  12  X  8-in.  lead  box,  located 
9  ft.  below  the  bottom  of  the  solution  tanks, 
with  a  i^-in.  lead  pipe  discharging  into  the 
receiving  tank.  A  5^-in.  lead  air  pipe  was 
brought  into  the  side  of  the  box  and  directed 
into  the  iJ4-in.  pipe.  The  solution  tank  is 
9  ft.  deep  and  the  receiving  tank  is  7  ft. 
above  the  solution  tank  thus  giving  a  sub- 
mergence of  from  36  to  72  per  cent,  of  the 
total  lift.  Under  this  condition  the  pump 
works  successfully  and  the  full  capacity  of 
the  solution  tank  can  be  utilized.  Air  under 
5   lb.   pressure   is  employed. 


Decorated  glass  is  made  by  painting  the  sur- 
face with  easily  fusible  glazes.  After  drying 
the  glass  is  put  in  a  kiln  and  heated  sufficiently 
to  fuse  the  glaze. 
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FRESH  AIR  VENTILATION   WITHOUT 
DRAFTS 

The  Chicago  Ventilation  Commission  some 
years  ago  came  to  the  conckision  that  ventila- 
tion with  cold  outdoor  air  was  impractical, 
owing  to  the  tendency  of  very  cold  air  to  re- 
sist diffusion  with  the  warmer  air  of  the 
room.  The  air  warmed  by  the  radiators  went 
to  the  ceiling  while  the  cold  air  fell  to  the 
floor.  The  Gerdes  ventilator,  manufactured 
by  Gerdes  &  Company,  30  Church  street,  New 
York,  overcomes  this  difficulty  in  two  ways : 
by  blowing  the  cold  air  to  the  ceiling  with 
sufficient  velocity  to  cause  it  to  creep  along 
the  ceiling  until  it  fals  away  in  all  parts  of 
the  room,  and,  when  the  weather  is  very  cold 
out  of  doors  (below  25  degrees  F),  by  me- 
chanically mixing  enough  warm  air  from  the 
room  with  the  cold  air  to  bring  the  tempera- 
ture of  the  mixture  to  a  normal  coolness 
(about  30  degrees  F).  The  result  is  that  a 
uniform  temperature  exists  from  floor  to  ceil- 
ing .and  absolutely  no  draughts  are  felt,  in 
fact,  it  is  impossible  to  feel  that  cold  air  is 
coming  into   the  room. 

The  ventilator  consists  of  a  Westinghouse 
Sirocco  blower  together  with  a  combined  duct 
and  mixing  chamber  for  bringing  outdoor  air 
or  indoor  air  to  the  blower,  or  a  mixture  of 
the  two  sufficient  to  maintain  a  comfortable 
atmosphere  in  the  room.  When  the  slide  in 
the  duct  is  brought  forward  and  the  duct 
closed  to  the  room,  as  shown  in  Fig.  i,  the 
blower  draws  only  cold  outdoor  air,  when  it 
is  pushed  back  the  cold  air  is  cut  off  and  air 
from  the  room  is  recirculated  ;  when  the  duct 


is  partly  open  to  the  room,  as  sliown  in  Fig.  2, 
the  slide  closes  the  opening  to  outdoors  by 
the  same  amount  and  streams  of  cold  outdoor 
air  and  warm  indoor  air  mix  in  the  blower. 
By  adjusting  the  slide  any  temperature  can 
be  had  at  the  nozzle  between  that  existing  in- 
doors and  out.  The  cool  mixture,  being  blown 
to  the  ceiling,  spreads  out  against  it,  and,  after 
losing  its  momentum,  gradually  sinks  through 
the  warm  room  air  and  is  breithed  before  it 
passes  to  the  radiators. 

The  outfit  i§  operated  by  current  from  the 
lighting  circuit.  It  requires  about  the  same 
current  as  an  ordinary  incmdescent  bulb  and 


FIG.   2. 
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no  special  wiring  is  necessary.  It  can  l)e  in- 
su'.Iled  or  removed  in  a  few  minutes  and  the 
placing  of  the  window  l)oard  in  the  window 
frame  causes  no  damage  to  the  woodwork. 


melts  and  runs  down.  The  heating  of  the 
grease  also  heats  the  confined  air  and  in- 
creases its  pressure  when  the  pressure  is 
needed.  The  cup  A  must  l)e  screwed  down 
occasionally  as  the  supply  of  grease  decreases. 


r@| 
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A  COHPRESSED  AIR  GREASE  CUP 

The  cut  here  reproduced  from  Machinery 
shows  the  essential  features  of  a  new  grease 
cup  described  in  Engineering,  London.  It  is 
entirely  self  contained  and  is  not  dependent 
for  its  operation  upon  an  air  .compressor  or 
any  outside  supply  of  compressed  air,  the 
air  pressure  being  secured  by  the  screwing 
down  of  the  inverted  cup  which  forms  the 
cap. 

The  lubricator,  as  will  be  seen  from  the 
illustration,  consists  of  three  main  parts :  a 
cup  C,  a  cover  or  top  A,  and  a  lock-nut  B. 
Parts  A  and  C  are  pressed  out  of  mild  steel 
or  brass.  The  top  A  contains  a  suspended 
disk  D,  the  object  of  which  is  to  keep  the 
upper  surface  of  the  grease  flat,  and  prevent 
the  air  from  forcing  a  passage  through  the 
grease.  When  the  cup  is  filled  with  grease, 
this  should  be  packed  down  so  as  to  prevent 
large  air  cavities  in  it.  The  suspended  disk 
is  pulled  out  to  the  end  of  top  A,  and  the 
latter  is  screwed  into  the  cup  about  ]4  or  K 
inch,  this  being  sufficient  to  compress  the  air 
the  required  amount,  as  all  parts  are  hermetical- 
ly sealed  by  the  grease.  The  lock-nut  is  then 
tightened  by  hand.  The  small  funnel  at  the 
bottom  of  the  cup  is  made  of  thin  sheet  steel  so 
that  if  the  bearing  becomes  heated,  the  heat 
is    quickly    transferred    to    the    grease,    which 


SAFETY  COLLAR  TO  PROTECT  AIR  VALVES 

In  a  man Lifactu ring  plant  making  extensive 
use  of  compressed  air  self-closing  valves  with 
which  all  hose  ends  were  equipped  frequently 
gave  trouble  due  to  leakage  and  breakage.  A 
study  of  the  conditions  under  which  the  valves 
were  used  revealed  the  fact  that  when  the 
workers  were  through  using  the  air  they  would 
drop  the  hose  onto  the  floor  near  their  w^ork 
so  that  it  would  be  convenient  when  needed. 
As  the  floors  are  of  cement  the  valve  received 
a  hard  blow  many  times  a  da3\  It  seemed  to 
be  impossible  to  break  the  men  of  this  habit 
of  rough  handling,  partly  because  the  noise 
of  the  machinery  made  it  impossible  for  them 
to  realize  what  a  severe  blow  the  valve  really 
received,  and  also  because  the  piece  work 
system  does  not  encourage  workers  to  ex- 
pend any  thought  on  matters  that  do  not 
immediately  increase  the  "upholstering"  of 
their  pay  envelopes.  The  whole  trouble  was 
eliminated  by  the  addition  of  a  safety  collar 
as  shown.  This  collar  is  simply  a  leather 
washer  about  three  inches  in  diameter,  built 
up  to  a  thickness  of  half  an  inch  and  pro- 
vided with  a  hole  of  the  proper  size  to  per- 
mit it  to  be  slipped  onto  the  nozzle  of  the 
valve  just  in  front  of  the  push  button.  This 
collar  is  held  securely  in  place  by  the  addi- 
tion of  a  metal  band  soldered  to  the  nozzle, 
and  the  arrangement  leaves  the  valve  easy 
of  manipulation  and  'does  not  prevent  getting 
the  air  just  where  it  is  needed. — Machinery. 


Analysis  of  subway  dust  in  New  York  gave 
the  following  contents:  metallic  iron,  46%; 
iron  oxide,  14.5%;  lime  and  plaster,  12.1%; 
grease,  T.12%;  and  water  and  organic  matter, 
12.6%. 
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CHOOSING  ROCK    DRILL  EQUIPMENT 

HY    P.    B.    MC:    DON  AM). 

Most  mines  possess  rock-drills  of  several 
different  makes,  and  some  have  a  motley  col- 
lection of  drills  perhaps  none  too  well  snited 
for  the  work  in  hand,  nsually  purchased  at 
various  times  without  due  regard  for  any 
standardization.  Thus  it  is  necessary  to  keep 
on  hand  repair-parts,  from  a  half-dozen  dif- 
ferent drill  manufacturers,  that  have  a  habit 
of  getting  mixed  together  on  the  warehouse 
shelves.  A  single  mine  may  be  driving  with 
Sullivan  and  Ingersoll-Rand  reciprocating 
drills,  stoping  with  Cleveland,  McKiernan- 
Terry,  and  Murphy  hammer-drills,  and  sink- 
ing with  some  other  make  of  plugger-drill ; 
while  there  may  be  another  variety  or  two 
of  drill  lying  around  the  place,  either  going 
to  rust  underground  or  reposing  in  idleness 
in  the  corner  of  the  warehouse,  not  used  be- 
cause some  one  cannot  find  a  certain  repair- 
part,  or  because  a  foreman  has  a  prejudice 
against  the  type. 

There  is  an  excuse,  of  course,  for  getting 
the  matter  of  rock-drills  somewhat  mixed,  be- 
caifse  there  have  been  so  many  innovations 
in  the  design  and  construction  of  such  ma- 
chines in  the  past  year  or  two  that  fashions  in 
drills  have  changed  almost  as  rapidly  as  in 
clothes.  Newer  and  more  efficient  types  of^ 
drills  have  constantly  succeeded  each  other. 
The  general  tendency  has  been  toward  utiliz- 
ing the  hammer  principle ;  first  for  up  holes, 
as  in  overhead  stoping;  and  then  for  down- 
holes,  as  in  shaft-sinking  by  pluggers ;  and 
even  for  more  or  less  flat  holes  in  driving,  as 
with  the  Leyner  or  new  Sullivan  mounted 
hammer-drill.  Lighter,  faster,  and  more  au- 
tomatic drills  have  also  been  sought.  The 
heavy  columns  and  bars  for  mounting  drills 
have  been  replaced  by  lighter  ones,  which  do 
not  break  a  man's  back  to  set  up,  or  b}^  none 
at  all,  as  in  the  case  of  the  stopers  and 
sinkers.  The  future  may  see  driving  reg- 
ularly accomplished  by  drills  hung  on  a  short 
rope   or   even   held   in   the   hands ! 

In  picking  out  rock-drill  equipment  for  a 
new  mine,  it  is  well  to  consider  carefully  a 
number  of  the  newest  models,  and  then  to 
standardize  on  a  type  or  types  suitable  for 
three  essentials  of  mining:  sinking,  driving, 
and  stoping.  It  is,  of  course,  necessary  to 
know  what  kind  of  rock  is  to  be  broken.     A 


mounted  hannner-drill,  such  as  the  Leyner  or 
new  Sullivan,  may  be  the  best  for  a  hard 
lirittlc  rock,  where  clogging  by  mud  in  the 
bottom  of  the  hole  is  not  likely,  and  where 
the  water  princii)le  through  hollow  steel  is 
useful  for  dust  prevention.  For  soft  sticky 
rock  such  as  slate,  an  old-fashioned  reciprocat- 
ing sl.igger  type  for  pounding  f>ut  restdts  may 
give  the  best  satisfaction  in  the  end ;  in  ex- 
treme cases  even  the  declining  tappet-valve 
drills  may  make  up  in  sureness  what  they 
hick  in  speed.  However,  one  or  two  of  the 
newer  ligiit  mounted  drills  can  handle  a  wide 
range  of  rock;  such  as  the  butterfly-valve  one- 
man  machine  that  so  startled  operators  a  year 
or  two  ago.  An  auxiliary-valve  drill  is  also 
capable  of  wide  use,  since  such  a  valve  assures 
both  quickness  and  certainty  by  its  combina- 
tion of  the  spool  principle  with  the  auxiliary 
tappet  or  ball. 

The  foregoing  refers  only  to  mounted  rock- 
drills,  such  as  were  used  for  all  purposes 
around  a  mine  until  recently.  Today  mounted 
drills  have  their  greatest  field  in  driving,  since 
stopers  have  superseded  them  for  rising  and 
overhand  stoping.  and  pluggers  for  sinking. 
But  they  are  yet  an  all-around  drill,  and  in  a 
small  mine  can  be  used  to  advantage  for  any 
purpose.  On  the  other  hand,  I  have  seen  =;ev- 
eral  small  mines  that  did  all  their  work  with 
a  jack-hammer  or  two.  making  it  do  for  all 
varieties  of  holes;  while  a  stoper  or  ordinary 
hanmier-drill  can  be  utilized  to  do  surprising 
things,  as  shown  in  the  enlargement  of  the 
Rolling-mill  shaft  at  Negaunee.  working  from 
the  surface  down  by  angle-holes  from  below. 
This  is  also  illustrated  by  the  many  shifts  to 
which  a  hammer-drill  is  turned  in  small  mines, 
where  it  has  been  used  for  flat  holes  and  driv- 
ing. Stoping  in  some  mining  districts  is  still 
carried  on  with  mounted  piston-drills  on  tri- 
pods or  bars,  especially  where  the  ore  seam  is 
at  a  flat  angle,  as  at  Birmingham,  or  where 
underhand  stoping  is  performed  in  long 
'rooms.'  On  the  whole,  however,  no  one  doubts 
that  hammer-drills  have  revolutionized  stop- 
ing. as  to  a  smaller  extent  plugger-drills  of 
the  jack-hammer  type  have  revolutionized 
shaft-sinking. 

An  additional  factor  to  consider  in  choosing 
rock  drill  equipment  is  the  type  of  labor  that 
is  available  to  operate  and  repair  the  drills.  In 
some  districts,  it  is  impossible  to  get  intelli- 
gent men.  so  that  a  drill  requiring  brains  and 
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judgment  to  make  it  go  cannot  be  employed 
even  though  it  is  a  whirlwind  at  drilling  when 
it  operates.  For  a  large  mine  with  capable 
machinists  and  well  equipped  shops,  specialized 
and  freak  drills  can  be  tried,  and  often  mar- 
velous results  attained,  but  for  a  small  mine 
with  none  too  good  labor,  a  drill  should  be 
selected  which  will  stand  abuse  and  poor  care, 
and  will  run  fairly  well  anyway. 

Some  drills  are  finicky.  They  will  drill  very 
fast  for  a  time,  and  then  need  nursing  and 
humoring.  The  Lcyner  drill  was  formerly  ac- 
cused of  this  fault,  but  since  the  Ingersoll- 
Rand  Company  has  been  manufacturing  it, 
several  improvements  have  been  made  that 
lessen  the  tendency.  And  it  cannot  be  denied 
that  in  hard  rock,  with  intelligent  operators, 
the  water  Leyner  is,  like  the  old  race-horse 
Maud  S.,  a  world-beater.  Very  likely  other 
mounted  hammer-drills  will  be  put  in  the 
field,  since  the  Leyner  has  demonstrated  what 
cat;  be  done  in  that  line,  utilizing  the  scientific 
advantages  of  the  hammer  principle  over  the 
slugging  or  reciprocating  method" of  punching 
h<.rd  rock.  In  fact,  the  new  Sullivan  mounted 
drill  is  much  like  the  Leyner,  being  a  11.5-U). 
machine  of  the  hammer  type  with  water  at- 
tachment. 

There  are  several  other  points  of  some  im- 
portance to  be  observed  in  choosing  a  rock- 
drill,  such  as  methods  of  lubrication,  short- 
stroking  arrangements,  length  of  feed,  and  so 
on.  But  such  details  can  best  be  decided  by 
the  man  on  the  job  to  suit  his  own  ideas  on 
the  subject,  and  no  general  principles  are  in- 
volved beyond  common  sense. 

As  to  the  various  hammer  or  stoper  drills  of 
the  unmounted  air-feed  type,  I  do  not  think 
there  is  so  much  difference.  There  are  a  num- 
ber of  good  ones  on  the  market.  Their  valves 
differ,  some  have  spools,  some  butterfly,  some 
ball  valves,  and  some  no  valve  at  all,  but  prac- 
tically all  of  them  will  hold  a  drill-steel  fairly 
close  to  the  face  and  hammer  it  "fast  and  furi- 
ous." 

As  with  stopers,  so  with  pluggers  or  sink- 
ers, there  are  a  number  of  good  makes  on  the 
market,  and  it  is  not  so  necessary  to  exercise 
careful  judgment  in  the  selection.  It  is  not 
meant  to  imply  that  some  stopers  and  plug- 
gers have  not  certain  advantages  over  others 
of  their  class,  but  such  advantages  (aside  from 
automatic  rotation  of  pluggers)  are  usually 
merely  mechanical  details  which  appeal  to  one 
superintendent    and    not    to   another.     Thus    it 


is  a  question  of  personal  conviction;  more  than 
a  matter  of  principle,  whether  a  stoper  has  or- 
dinary or  reverse  feed,  whether  it  weighs  55 
or  100  lbs.,  whether  a  plugger  rotates  by  the 
reciprocating  energy  of  the  hammer  or  by  a 
separate  small  engine.  Such  matters  can  be 
best  decided  by  the  superintendent  on  the  job 
to  suit  his  own  ideas  and  the  details  of  the  sit- 
uation. It  need  only  be  said  that  the  automat- 
ically rotating  plugger  is  a  surprisingly  satis- 
factory drill  for  shaft-sinking  or  down-holes  in 
general.  Hollow  drill-steel  is  generally  used 
for  blowing  out  the  rock-chippings  by  air  or 
water.  Other  things  being  equal,  having  se- 
lected a  stoper  or  plugger-drill,  it  is  good 
practice  to  standardize  the  type  for  its  own 
class  of  work  in  order  to  simplify  the  repair- 
parts  problem.  A  large  mine  will  probably  re- 
quire three  kinds  of  rock-drills;  mounted 
drills  (either  reciprocating  or  hammer  type) 
of  one-man  or  two-man  style,  for  driving  and 
all-around  work  (including  perhaps  stoping)  ; 
stoper  hammer  air-feed  drills  for  rising  and 
overhead  stoping ;  pluggers  for  shaft-sinking 
and  block-holing.— Miwm^  Press. 


GETTING  A  LIVING  BY  SUCTION 

A  certain  fish  which  is  generally  known  as 
the  remora,  or  shark-sucker,  has  modified  the 
gills  on  the  back  of  his  head  so  that  they  form 
a  sucker.  With  this  he  "hitches  on"  to  the 
underside  of  some  big  predatory  fish,  generally 
one  of  the  sharks,  and  thus,  without  having 
to  use  his  own  fins  and  tail  at  all,  he  is  pulled 
through  the  sea,  getting  a  free  ride.  When- 
ever the  shark  finds  a  school  of  fish  he  dashes 
among  them  at  great  speed,  snapping  his  huge 
jaws  in  every  direction  and  killing  twice  as 
many  fish  as  he  can  eat.  The  remora  then  un- 
hitches himself  and  dines  quietly  off  the  frag- 
ments of  half-eaten  fish  that  come  slowly  sink- 
ing down  through  the  water.  It  takes  less 
to  fill  him  up  than  it  does  the  shark,  so  his 
hunger  is  usually  the  first  to  be  satisfied.  When 
he  has  dined,  lunched  or  breakfasted,  as  the 
case  may  be,  the  remora  swims  below  the  shark 
again,  and  after  his  free  meal  gets  ready  for 
more  free  transportation. 


The  rivers  of  the  United  States  carry  yearly 
to  tidewater  270,000,000  tons  of  dissolved  mat- 
ter and  513.000.000  tons  of  suspended  matter. 
This  total  of  783,000,000  tons  represents  350,- 
000,000  cu.  yd.  of  rock,  or  610,000,000  of  sur- 
face soil. 
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FIRST  AWARDS  OF  THE  FRANKLIN  MEDAL 

The  Franklin  Medal,  the  highest  recogni- 
tion in  the  gift  of  the  Franklin  Institute  ot 
the  State  of  Pennsylvania,  has  recently  been 
awarded  to  Heike  Kamerlingh  Onnes  and 
to    Thomas    Alva    Edison 

The  fund  from  which  this  medal  is  awarded 
was  founded  Jan.  i,  1914,  by  Samuel  Insult. 
Awards  of  the  medal  are  to  be  made  an- 
nually to  those  workers  in  physical  science  or 
technology,  without  regard  to  country,  whose 
efforts,  in  tlie  opinion  of  the  Institute,  have 
done  most  to  advance  the  knowledge  of  phy- 
sical science  or  its  applications,  the  present 
awards  being  the  first  that  have  been  made. 

The  medal  awarded  to  Prof.  Onnes  was 
received  on  his  behalf  by  His  Excellency, 
Chevalier  van  Rappard,  Minister  from  the 
Royal  Netherlands  Government,  at  the  stated 
meeting  of  the  Institute  on  the  e-.^ning  of^ 
May  19,  and  at  this  meeting  Mr.  Edison  was 
the  guest  of  the  Institute  and  received  his 
award  in  person.  Following  the  presentations 
an  address  entitled  "Electricity  and  Modern 
Industrial  Growth"  was  delivered  by  Mr 
Insull. 

Sketches  of  the  lives  of  the  recipients  of 
the  medal,  and  also  of  Mr.  Insull,  the  clonor 
are  appended: 

THOMAS    ALVA    EDISOX. 

Thomas  Alva  Edison  was  born  at  Milan, 
Ohio,  February  11,  1847.  In  1854  he  went 
with  his  parents  to  Port  Huron,  Mich.  His 
early  education  was  received  from  his  mother. 

Very  soon  his  fondness  for  chemistry  be- 
came apparent,  and  at  the  age  of  twelve,  to 
obtain  money  for  the  purchase  of  chemical 
apparatus,  he  became  a  train  boy  on  the  Grand 
Trunk  Railway,  operating  between  Port  Huron 
and  Detroit.  While  working  in  this  capacity 
he  secured  a  hand  press  and  edited  and  print- 
ed a  small  paper.  The  Weekly  Herald,  selling 
some  three  hundred  copies  per  week  to  em- 
ployees of  the  road.  Train  telegraphy  was 
taught  him  in  1862  by  the  station  agent  at 
Mt.  Clemens,  Mich.,  where  he  later  became 
the  operator.  The  following  year  he  was 
transferred  to  Stratford  Junction.  Canada,  but 
his  dislike  for  routine  work  led  him  to  become 
a  tramp  operator,  and  for  the  next  five  years 
he  moved  from  one  to  another  station  in  the 
middle  West. 

In  1864,  while  in  Indianapolis,  he  invented 
an    automatic    telegraph    repeater.      This    was 
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probably  the  first  of  his  long  series  of  in- 
ventions. 

In  1868  he  moved  to  Boston,  where  he  ob- 
tained a  position  with  the  Western  Union 
Telegraph  Company.  While  here  he  invented 
a  vote-recording  machine,  for  which  he  ob- 
tained his  first  patent,  in  1869.  There  was  no 
demand,  however,  for  such  a  machine  at  the 
time,  and  it  was  not  developed  to  a  commer- 
cial success. 

Soon  after  this  he  invented  a  stock  ticker, 
and  started  a  ticker  service  in  Boston,  with 
about  forty  subscribers.  At  this  time  he  also 
experimented  with  a  duplex  telegraph,  but  this 
not  being  at  first  successful  he  devoted  him- 
self to  the  commercial  development  of  his 
stock  ticker,  which  was  later  sold  to  New  York 
capitalists  for  $40,000.  His  work  in  this  con- 
nection brought  him  into  as.sociation  with  the 
late  Franklin  L,  Pope,  with  whom  he  entered 
into  partnership  in  1869.  J.  N.  Ashley  later 
also  became  a  partner,  and  the  firm  secured  a 
large  amount  of  business.  With  the  money 
Edison  received  for  his  improved  ticker  he 
established  a  factory  at  Newark,  N.  J.  for 
building  these  machines  in   large  quantities. 

Experimenting  again  with  the  automatic 
telegraph  he  developed  it  to  a  point  where  he 
was  able  to  send  three  thousand  words  per 
minute  between  New  York  and  Philadelphia 
and  record  them  in  Roman  type.  An  arrange- 
ment was  then  made  with  the  British  postal 
telegraph  authorities  to  demonstrate  the  auto- 
matic system  in  England,  and  Edison  went 
over  in  1873  to  make  the  demonstration. 

In  1873  Bell  invented  the  telephone,  but 
something  more  powerful  than  the  magneto 
transmitter,  or  something  capable  of  amplify- 
ing without  distortion  extremely  small  tele- 
phonic currents,  was  necessary,  among  other 
things,  for  its  commercial  success.  In  1875 
Edison  devised  his  carbon  tran-^mittcr.  now 
almost  universally  used. 

In  1878  he  invented  his  tinfoil  phonograph, 
creating  world-wide  interest,  and  a  number 
were  constructed  for  exhibition  purposes.  This 
machine  was  succeeded  by  his  wax-cylinder 
machine,  in  1888,  which  later  developed  into  a 
device  of  great  commercial  value. 

His  contributions  to  the  art  of  electric  light- 
ing have  been  fundamental.  In  1876  he  moved 
to  Menlo  Park.  N.  J.,  where  for  ten  years 
he  was  engaged  on  his  incandescent  lamp, 
dynamo,  and  system  of  low-pressure  electrical 


distribution.  The  Pearl  Street  Station  in 
New  York  City,  started  on  September  4,  1882, 
the  first  successful  electric  station  in  America, 
will  ever  remain  a  monument  to  Mr.  Edison's 
skill  and  tireless  energy.  B}-  the  end  of  De- 
cunber  of  the  same  year  this  station  was 
supplying  current  to  over  five  thousand  incan- 
descent lamps. 

Electrical  problems  easily  solved  to-day  were 
by  no  means  easy  of  solution  thirty-odd  years 
ago,  and  it  is  doubtful  if  more  than  a  very 
few  electrical  engineers  of  the  present  genera- 
tion are  conscious  of  the  debt  they  owe  to 
the  great  electrical  pioneers  of  the  '70's  and 
'So\^-. 

Motion-picture  apparatus  and  alkaline  stor- 
age batteries  are  among  many  other  inven- 
tions produced  by  Mr.  Edison  as  a  result  of 
incessant  effort  and  great  concentration. 

That  he  has  lost  none  of  his  youthful  energy 
or  determination  in  the  matter  of  overcoming 
c'ifliculties  is  seen  by  the  rapidity  with  which 
he  reconstructed  his  enormous  factories  at 
(Grange,  N.  J.,  destroyed  only  on  December 
9,   1914,  by  fire. 

HEFKE     K.WIERLINGH     ONNES. 

Heike  Kamerlingh  Onnes  was  born  on  Sep- 
tember 21,  1853,  3t  Groningen,  Holland,  where 
his  father  was  engaged  in  manufacture.  He 
was  educated  in  the  schools  of  his  native  town, 
and  there  also  he  began  his  university  studies 
in  1870.  Two  years  later  he  removed  to 
Heidelberg,  where  he  spent  three  semesters, 
working  under  the  direction  of  Bunsen  and 
Kirchoff.  He  then  returned  to  Groningen,. 
and  a  few  years  after  he  became  assistant  tO' 
Professor  Bosscha  at  Delft,  where  he  com- 
menced work  upon  his  thesis  for  doctorate. 
In  1882  he  and  H.  A.  Lorentz  were  appointed 
professors  of  physics  in  the  University  of 
Leiden,  then  a  little  known  and  quite  unpre- 
tentious seat  of  learning  (so  far  as  physical 
science  was  concerned),  but  which,  as  a  re- 
sult of  the  collaboration  of  these  two  highly- 
gifted  and  energetic  young  physicists,  has  be- 
come one  of  the  world's  great  centres  of  phy- 
sical research. 

While  Lorentz  confined  his  energies  mostly 
to  the  fields  of  theoretical  and  mathematical 
physics,  Oimes  directed  his  energies  to  the 
creation  of  a  laboratory  for  experimental  re- 
search. In  spite  of  great  ob.stacles,  particularly 
of  very  inadequate  appropriations  for  equip- 
ment   and    maintenance,    the    indefatigable    di- 
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rector  found  ways  and  means  of  furnishing  lii-. 
laboratory  with  the  special  macliinery  and  pre- 
cision instruments  required  for  the  researches 
of  the  professors  and  their  students.  A  very 
important — in  fact,  an  essential — factor  in  this 
development  was  the  establishment  by  Onnes 
of  a  training  school  for  mechanicians,  and  it 
was  in  the  shops  of  this  school  that  many  of 
the  special  instruments  for  the  laboratory  were 
constructed.  At  the  same  time  the  young  men 
engaged  there  were  trained  to  assist  the  di- 
rector in  carrying  out  the  often  difficult  and 
intricate  operations  in  his  experimental  work. 
On  various  occasions  Professor  Onnes  was 
thus  enabled  to  command  a  force  of  some 
thirty  assistants,  to  each  of  whom  a  special 
duty  was  assigned. 

The  work  of  this  great  laboratory  at  Leyden 
is  recorded  in  the  Leiden  Communications, 
published  since  1891,  and  includes  a  vast  num- 
ber of  most  important  contributions  to  phy- 
sical science.  Among  them  are  investigations 
on  magneto-electric  effects,  as  well  as  a  series 
of  most  important  papers  upon  magneto-optical 
phenomena,  such  as  the  classical  one  by  Zee- 
man,  describing  the  discovery  of  what  is  now 
known  as  the  Zeeman-eflfect.  But,  while  these 
early  investigations  were  all  carried  out  under 
Onnes'  direction,  they  were  in  many  cases  in- 
spired or  suggested  by  his  distinguished  col- 
league, H.  A.  Lorentz. 

The  really  representative  work  of  the  labora- 
tory has  been  in  the  field  of  molecular  physics, 
and  particularly  in  research  at  low  temperature. 
The  great  bulk  of  the  Leiden  Communications 
is  devoted  to  the  records  of  those  remarkable 
series  of  researches  which  were  conceived  by 
Onnes  himself  and  carried  out  under  his  direc- 
tion. The  history  of  these  researches  began 
with  the  creation  of  the  cryogenic  laboratory, 
and  it  may  be  divided  into  several  distinct 
stages  or  periods.  The  first  of  these  was  oc- 
cupied with  the  production  of  liquid  oxygen 
on  a  large  scale,  and  with  the  use  of  this 
material  in  a  three-cycle  process  of  obtaining 
low  temperatures,  by  which  Onnes  was  enabled 
to  maintain  and  control  the  temperature  ranges 
from  — 23°  to  — 90°  (methyl  chloride),  from 
—105°  to  —165°  (ethylene),  and  —183°  to 
— 217°  (oxygen).  This  goal  may  be  said  to 
have  been  attained  about  1894.  The  second 
stage  was  characterized  by  the  introduction  of 
liquid  hydrogen  and  the  production  of  tem- 
peratures   below    — 217°.      The    abnormil    be- 


havior of  hydrogen  gas  when  it  is  allowed  10 
expand  under  reduced  pressures  made  it  im- 
possible to  liquefy  it  at  higher  temperatures; 
and  the  condensation  of  this  ga>  was  first 
achieved  by  Dewar,  of  London,  on  May  10, 
1898.  This  added  a  new  range  of  avail  ible 
low  temperatures  from  — 253"  to  — 250''  in 
which  Dewar  made  a  number  of  highly  re- 
markable observations,  including  the  solidifica- 
tions  of  hydrogen.  But  Onnes  very  promptly 
appropriated  this  new  range  for  his  researcn 
work,  and  constructed  novel  and  very  efficient 
apparatus  for  the  production  and  utilization 
of  the  new  refrigerant. 

The  Netherlands  Government,  realizing  the 
importance  of  the  work,  now  granted  consider- 
able appropriations  for  the  extension  and  equip- 
ment of  the  laboratory,  and  with  its  comple- 
tion a  new  era  of  constantly  increasing  low 
temperature  research  began.  New  methods 
and  instruments  for  the  exact  measurement 
of  temperatures  below  the  boiling-point  of 
liquid  hydrogen  were  devised,  and  the  behavior 
of  mixtures  of  hydrogen  and  helium  was 
systematically  investigated.  Finally,  the  ap- 
parently incoercible  gas,  helium,  was  reduced 
to  the  liquid  state.  This  crowning  triumph 
of  low  temperature  research  was  achieved  on 
July  10,  1908.  While  this  supreme  achieve- 
ment aroused  universal  interest  in  the  work 
of  Onnes  and  doubtless  prompted  the  award 
to  him,  in  1913,  of  the  Nobel  Prize  in  Ph\'- 
sics,  it  was  by  no  means  (as  many  seem  to 
suppose)  a  tour  de  force,  but  only  the  culmina- 
tion of  the  long-continued  and  unremitting 
life-work  of  a  great  investigator. 

During  the  past  few  years  Onnes  has  made 
some  most  remarkable  discoveries  with  ref- 
erence to  the  electrical  resistance  of  certain 
metals  at  temperatures  only  a  few  degrees 
above  the  absolute  zero  of  temperature.  The 
resistance  of  metals  ordinarily  varies  approxi- 
mately with  the  absolute  temperature,  but  at 
temperatures  only  a  few  degrees  above  the 
absolute  zero  it  suddenly  becomes  so  small 
that  it  can  hardly  be  measured.  For  mercury 
this  "critical  temperature"  is  4.2°  absolute; 
for  lead  it  is  6.1°;  and  for  tin  3.8".  Below 
these  temperatures  the  resistance  is  practically 
;///,  and  Onnes  terms  this  the  "supraconduc- 
tive"  state.  In  this  state  the  metals  no  longer 
obey  Ohm's  Law— there  is  neither  a  potential 
drop  nor  a  production  of  heat.  Onnes  has 
shown  that,  in  a  lead  coil  cooled  to  1.7"  abso- 
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lute,  a  current  of  0.4  amperes  induced  in 
the  coil  by  the  removal  of  an  electromagnet 
whose  flux  had  previously  passed  through  it 
continued  to  flow  without  appreciable  diminu- 
tion for  more  than  two  hours.  This  result  is 
bound  to  exert  a  profound  influence  upon  our 
views  of  electrical  conduction  and  molecular 
magnets,  and  perhaps  the  use  of  supraconduc- 
tors  may  some  time  afford  much  stronger 
magnetic  fields  than  are  now  available. 

SAMUEL    INSULL. 

Samuel  Iniull  was  born  at  London,  England, 
in  1859,  and  was  educated  in  private  schools 
in  that  city,  at  Reading  and  Oxford.  He  came 
to  the  United  States  in  1881  and  became  private 
secretary  to  Thomas  A.  Edison,  of  whose  busi- 
ness affairs  he  had  full  charge  for  many  years. 
He  represented  Edison  in  the  organization  and 
management  of  the  Edison  Machine  Company, 
the  Edison  Lamp  Company,  and  others  of  his 
early  corporations.  In  1889,  upon  the  consoli- 
dation of  the  various  Edison  concerns  into  the 
Edison  General  Electric  Company,  he  was 
appointed  second  vice-president  of  the  corpora- 
tion and  assumed  charge  of  its  manufacturing 
and  selling  departments.  Three  years  later 
the  General  Electric  Company  was  formed  by 
consolidating  with  the  Thomson-Houston  Com- 
pany, and  he  continued  in  the  same  capacity 
with  the  new  concern.  He  resigned  a  few 
months  later  to  organize  and  become  president 
of  the  Commonwealth  Electric  Company  of 
Chicago.  Since  1907  he  has  been  president  of 
the  consolidation  of  this  company  with  the 
Chicago  Edison  Company — The  Common- 
wealth Edison  Company,  which  controls  the 
electric  lighting  service  of  the  City  of  Chicago 
— and  he  is  also  an  executive  of  a  number  of 
other  public  service  companies.  Mr.  Insull 
is  a  member  of  the  American  Institute  of 
Electrical  Engineers  and  the  British  Institution 
of  Electrical  Engineers. 


The  extraction  of  gasoline  from  casing- 
head  gas  (natural  gas  from  oil  wells)  has  be- 
come one  of  the  important  adjuncts  of  the 
natural-gas  industry  in  the  United  States. 
The  production  is  increasing  rapidly,  the 
quantity  produced  in  1913  having  almost 
doubled  that  of  1912.  It  is  principally  used 
for  raising  the  standard  of  naphthas  or  low- 
grade  distillates  consumed  in  motors;  it  is 
also  used  for  lighting;  and  it  can  be  used  like 
regular   gasoline    in    all    the   arts. 


NEW   BOOKS 

Centrifugal  Pumps.  By  R.  L.  Dougherty^ 
Assistant  Professor  of  Hydraulics,  Sibley  Col- 
lege, Cornell  L^niversity.  McGraw-Hill  Book 
Company,  New  York,  1915.  Cloth,  6  by  9  in. 
20J  pages,   III  illustrations.     $2.00  net. 

The  rapidly  increasing  use  of  centrifugal 
pumps,  thanks  largely  to  the  direct  electric 
drive,  gives  this  book  a  special  timeliness.  The 
writer  is  familiar  with  his  subject  and  has  done 
his  work  thoroughly.  The  various  types  of 
pumps  are  described  and  illustrated,  the  theory 
of  operation  is  lucidly  investigated  and  the 
practical  employment  of  the  pump  under  vari- 
ous conditions  is  gone  into  thoroughly,  giving 
costs,  power  required,  efficiencies,  etc.  The  dif- 
ferent chapters  are  supplemented  by  problems 
the  solution  of  which  should  guarantee  a  thor- 
ough understanding  of  the  subject. 


USE  OF  EXPLOSIVES  IN  METAL  MINES  AND 
QUARRIES 

The  United  States  Bureau  of  Mines,  several 
years  ago,  issued  a  primer  on  explosives  for 
coal  miners  which  has  been  in  considerable  de- 
mand ever  since.  Now  the  bureau  has  issued 
a  primer  on  explosives  for  metal  miners  and 
quarrymen,  by  Charles  E.  Munroe  and  Clar- 
ence ilall.  The  bulletin,  which  has  just  come 
from  the  printing  office,  says  in  its  instroduc- 
tion  :  "In  accidents  resulting  from  the  use  of 
explosives  in  metal  mines  and  quarries  in  the 
United  States  more  than  130  men  were  killed 
and  250  seriously  injured  during  the  calendar 
year  1913.  Moreover,  an  unknown  number  of 
miners  sufTjered  from  the  efYects  of  breathing 
the  harmful  fumes  and  gases  given  off  by  the 
burning  or  the  incomplete  explosion  of  some 
explosive.  Consequently,  the  Federal  Bureau 
of  Mines,  which  is  endeavoring  to  increase 
safety  in  mines  and  to  abolish  conditions  that 
tend  to  impair  the  health  of  miners,  is  studying 
the  kinds  of  explosives  used  in  mining  and  the 
conditions  under  which  these  explosives  can  be 
used  with  least  danger  to  the  miner. 

"Inflammable  gas  or  dust  is  seldom,  if  ever, 
found  in  quarries  or  metal  mines,  and  the  dan- 
ger from  using  explosives  there  is  less  than  in 
coal  mines;  but,  as  the  figures  show,  the  num- 
ber of  men  killed  and  injured  yearly  in  acci- 
dents caused  by  explosives  proves  the  need  of 
both  miners  and  mine  officials  striving  to  sec 
that  none  but  proper  explosives  are  used  and 
that  these  are  used  properly." 
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The  bulletin  contains  chapters  on  conibus 
tion  and  explosion ;  blasting  and  mine  explo- 
sives ;  fuse,  detonators,  and  electric  detonators ; 
firing  blasts  by  electricity;  the  use  of  explo- 
sives in  excavation  work ;  the  use  of  explosives 
in  quarrying;  the  use  of  explosives  in  metal 
mining  and  tunneling;  drilling  and  blasting 
methods  on  New  York  rapid-transit  tunnel ; 
magazines  and  thaw  houses ;  permissible  ex- 
plosives, etc. 

This  publication  is  Bulletin  80,  and  it  may 
be  obtained  free  of  charge  by  those  interested 
writing  to  the  Director  of  the  Bureau  of  Mines, 
Washington,  D.  C. 


HONORS  TO  THE  INVENTORS  OF  THE  HUM- 
PHREY   PUMP  AND  THE  ESCALATOR 

The  City  of  Philadelphia,  acting  on  the  rec- 
ommendation of  The  Franklin  Institute,  has 
awarded  the  John  Scott  Legacy  Medal  and 
Premium  to  Herbert  Alfred  Humphrey,  of 
London,  England,  and  to  Cav.  Ing.  Alberto 
Cerasoli,  of  Rome,  Ital}^,  for  the  Humphrey 
Pump,  a  device  for  raising  water  by  the  direct 
application  of  the  explosive  energy  of  a  mix- 
ture of  combustible  gas  and  air.  The  first  in- 
stallation of  a  Humphrey  Pump  was  made  at 
Dudley  Port,  in  England,  in  1909.  Three  years 
later,  four  pumps,  each  having  a  capacity  of 
40,000,000  gallons  per  day,  and  one  pump  of 
20,000,000  gallons  per  day,  were  installed  by 
the  London  Metropolitan  Water  Board.  Tests 
subsequently  made  on  these  pumps  gave  an 
average  fuel  consumption  of  0.904  pound  an- 
thracite coal  per  pump  horse  power  hour. 

The  Edward  Longstreth  Medal  of  Merit  has 
been  awarded  to  the  late  Mr.  George  A.  Wheel- 
er for  his  Escalator.  This  invention  is  an  in- 
clined elevator  for  transporting  persons  from 
one  level  to  another.  It  consists  of  an  endless 
system  of  stairs  or  steps  having  risers  and 
treads,  together  with  top  and  bottom  landings. 


ANNUAL  MEETING  OF  ADVERTISING  CLUBS 

Chicago  will  be  the  scene  of  the  eleventh 
annual  convention  of  the  Associated  Advertis- 
ing Clubs  of  the  World  which  meets  June  20 
to  24.  This  great  gathering  of  the  dynamos  of 
the  business  world  to  discuss  common  prob- 
lems and  to  advance  the  banner  of  truth  in 
advertising  promises  to  hold  a  unique  place  in 
the  events  of  the  year.    On  the  Sunday  preced- 


business  men  of  country  wide  reputation  will 
deliver  lay  sermons  in  Chicago  churches. 

New  features  include  a  conference  of  the 
teachers  of  advertising  and  another  of  the 
secretaries  of  advertising  clubs.  Departmental 
meetings  of  men  in  the  several  fields  of  work 
give  opportunity  for  a  discussion  of  the  prob- 
lems of  various  phases  of  advertising,  an  ar- 
rangement which  reflects  the  new  freedom  in 
business. 

Amustments  include  a  list  of  social  func- 
tions for  the  ladies,  a  Gridiron  Show  to  be 
staged  by  one  hundred  and  fifty  Chicago  men, 
lake  and  automobile  trips.  A  whirlwind  cam- 
paign is  being  waged  by  advertising  clubs  in 
an  effort  to  mobili;^e  in  Chicago  at  full  war 
strength. 


NOTES 

It  is  expected  that  the  new  steel  plant  of  the 
International  High  Speed  Steel  Company  at 
Rockaway,  N.  J.,  will  be  in  full  operation  at 
the  end  of  the  present  month.  The  product 
will  be  confined  to  the  company's  highest 
grades  of  tool  steels,  alloy  steels  and  high 
speed  steels  of  all  shapes  and  sizes,  rock  drill 
steels,  solid  octagon  and  cruciform,  hollow 
hexagon  and  round,  not  heretofore  made  in 
the   United   States. 


Repair  cost  of  storage-battery  locomotives 
at  the  Bunker  Hill  &  Sullivan  mines  runs  from 
$0.00359  to  $0.01189  per  ton  hauled.  Trolley- 
locomotives  cost  from  $0.00435  to  $0.00641  per 
ton.  In  the  first  instance  the  highest  expen.se 
was  up  to  $55,456  per  month,  and  with  the 
other   machines  $93,912  per  month. 


The  number  of  deaths  of  aviators  in  the  war 
service  is  very  much  smaller  than  the  death 
records  in  time  of  peace,  one  of  the  explana- 
tions being  that  aerial  navigation  is  quite  safe 
when  there  is  no  indulgence  in  exhibition 
stunts  that  have  brought  so  many  disasters. 
When  an  aeroplane  is  handled  by  a  skillful 
aviator  for  the  legitimate  purpose  of  plain  fly- 
ing, it  is  a  very  much  safer  means  of  trans- 
portation than  is  generally  believed. 


The  gas  company  at  Nashville  recently  de- 
molished an  old  holder  which  was  no  ft.  in 
diameter  bv  means  of  the  oxv-acetvlene  torch. 


They   made   26   vertical   cuts   around   the   cir- 
ing  the  formal  opening  of  the  convention,  fifty  cumference  and  as  each   slice  was  cut   ofif   it 
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was  hoisted  out  of  the  tank.  The  metal  was 
3-16  inch  thick  with  ^4-i"*-'li  angles  and  ^2- 
inch  thick  channels.  This  work  was  done  by 
one  man  in  a  week,  showing  the  wonderful 
effectiveness  of  this  little  apparatus  for  big 
work.  In  fact  the  use  of  this  torch  for  wreck- 
ing metal  structures  has  extended  itself  as  a 
regular  equipmnt  for  some  fire  dep:irtments, 
where  its  use  has  been  found  of  value  in  sav- 
ing life  and  property. 


A  26-part  tackle  with  7,000-ft.  hoist  lines 
forms  the  main  fall  rigging  of  the  erection 
traveler  used  on  the  Hell  Gate  arch  bridge. 
.\  few  pieces  of  175  tons  erection  weight  and 
a  nr.mber  weighing  over  100  tons  have  to  be 
handled,  those  of  the  east  half  being  already 
placed.  The  tackle  consists  of  two  13-sheave 
blocks.  The  great  length  of  line  is  needed  to 
enable  the  traveler  to  hoist  direct  from  the 
river.  The  boom-fall  rigging  has  36  parts  of 
wire  rope  rigged  tandem,  and  is  really  two 
separate  tackles  side  by  side  and  connected 
to  an  equalizer.  Each  top  block  has  six  main 
sheaves  and  four  smaller  ones.  Each  bottom 
block  has  five  main  sheaves  and  five  smaller 
ones.  The  two  ends  of  each  tackle  lead  to 
drums,  so  that  there  are  four  lead-lines,  going 
to  two  drums  each  with  a  partition  in  the 
middle. 


The  importance  which  gas  is  assuming  in 
the  world's  activities  was  again  exemplified 
when  the  German  artillery  projected  bombs 
into  the  camps  and  trenches  of  the  Allies, 
these  bombs  on  exploding  liberating  asphyxiat- 
ing gases  which  spread  a  choking  blanket  two 
miles  wide  over  the  enemy  and  caused  them 
to  "get  out  of  there"  pretty  quickly.  As  a 
means  of  carrying  on  war  it  is  bloodless  but 
none  the  less  effective.  Some  day  we  will  be 
fighting  fires  with  such  gases  in  the  regular 
equipment,  mobs  will  be  dispelled  by  pungent 
or  non-breathable  gases,  we  will  have  gas- 
pistols  as  well  as  gas  bombs  and  something 
will  be  found  to  put  into  city  gas  to  make 
suicide  by  its  means  a  very  unpleasant  process. 
We  are  progressing. — Gas  Age. 


Zinc  instead  of  mortar  was  used  for  join- 
ing the  stones  of  two  elliptical  arches  of  82 
ft.  span  that  support  a  newly  completed  rein- 
forced concrete  bridge  near  Lyons,  France. 
Previous  experiments  having  proved  that  the 


molten  zinc — at  800  deg. — caused  no  fractures 
in  dry  stones,  the  zinc  was  melted  and  poured 
between  the  stones,  forming  metallic  joints 
y^  in.  thick.  This  substitution  for  mortar  in- 
creased the  cost  about  $2.40  for  each  sq.  ft. 
of  the  bridge's  horizontal  surface.  Tests  with 
cubical  stones,  25^  in.  on  a  side,  showed  that 
zinc  joints  do  not  weaken  stones  having  a 
strength  of  about  14,000  pounds  per  sq.  in., 
but  are  weaker  than  stones  having  a  strength 
between  14,000  and  18,500  pounds.  A  less 
compressible  metal  is  needed  for  very  hard 
stones.  Cement  joints,  when  as  thick  as  1-25 
in.,  or  less,  stood  the  tests  equally  well,  but 
disintegration  gradually  reduces  the  original 
strength  of  joints  of  mortar. 


Du  Pont  Magazine  states  that  one  ingenious 
contractor  placed  "the  dynamite  to  be  thawed 
on  shelves  around  the  sides  of  a  small  build- 
ing about  10  ft.  square  with  double  walls,  in 
the  middle  of  which  was  an  oil  stove.  A  ther- 
mometer was  placed  at  a  convenient  point  in 
the  room  and  a  man  was  instructed  to  stay  in 
the  thaw-house  continually  while  the  oil  stove 
was  burning  to  watch  the  thermometer  and 
turn  down  the  wick  when  the  temperature 
rose  above  80°  F.  To  insure  the  faithful  per- 
formances of  his  duties  he  was  locked  in  the 
room  by  the  foreman  of  the  blasting  gang, 
and  had,  therefore,  every  incentive  to  keep  the 
temperature  at  a  safe  point,  as  he  had  no  op- 
portunity  to    evade   his    responsibility." 


Some  idea  of  the  wealth  of  published  ma- 
terial relating  to  oxyacetylene  welding  may  be 
obtained  from  a  34-page  pamphlet  that  has 
been  issued  by  the  New  York  Public  Library. 
This  contains  a  list  of  works  on  this  subject 
that  may  be  found  in  the  library,  and  includes 
books,  articles  from  periodicals,  pamphlets  and 
other  literature  that  is  readily  accessible.  The 
arrangement  is  chronological  by  date  of  pub- 
lication from  1893  to  October,  1914,  and  con- 
tains a  list  of  487  books,  pamphlets,  magazine 
articles,  etc.  An  index  which  is  arranged  by 
subjects  and  authors  is  included.  For  refer- 
ences to  acctylne  other  than  in  its  relation  to 
welding,  readers  should  consult  the  various 
periodicals  related  to  the  industry. 


The  oxy-acetylene  welding  process  has  been 
used  successfully  for  building  up  flat  spots  on 
locomotive   driving   wheel   tires   and   restoring 
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thciii  to  perfect  condition.  In>-tc;i(l  of  remov- 
ing all  t'le  drivers  of  loconiotix  es  and  lurninf^ 
thetn  down  to  the  common  diameter  made  nec- 
essary by  the  depth  of  the  flat  spots,  the  flats 
are  filled  in  with  nutal  welded  to  the  tire, 
and  in  a  few  hours  the  locomotive  is  ready 
for  the  road.  The  process  saves  tires,  machin- 
ing  expenses   and    locomotive   time. 


In  a  recent  lecture  before  the  Royal  Insti- 
tution Professor  Boys  showed  one  of  the  early 
flat-flame  burners  giving  a  light  of  i  candle- 
power  for  each  cubic  foot  of  gas  consumed  per 
hour.  Then  a  more  modern  burner  was 
shown,  giving  2  candle-power.  Various  types 
of  incandescent  burners  were  next  shown,  and 
the  lecturer  mentioned  the  results  of  high- 
pressure  incandescent  gas  lighting  in  the  Lon- 
don streets,  whereby  60  candle-power  was  ob- 
tained per  cubic  foot. 


An  interesting  feature  of  the  production  of 
granite  in  California  is  the  quantity  of  stone 
quarried  from  large  residual  bowlders.  The.se 
bowlders,  according  to  the  United  States  Geo- 
logical Survey,  represent  the  remains  left  from 
prolonged  disintegration  of  large  granite 
masses,  but  after  a  thin  weathered  coating  is 
removed  thev  vield  sound  stone. 


A  simple  and  effective  scheme  for  killing  de- 
structive small  animals  in  their  burrows  has 
been  discovered  by  Leonardo  Ruiz,  a  rancher, 
of  Ravenna,  Calif.  About  i^  or  2  in.  of  a  40 
per  cent  dynamite  stick  is  wrapped  in  a  cloth 
or  paper  and  provided  with  a  fuse  but  no  deto- 
nator. One  of  these  charges  is  stuck  down  into 
each  hole  and  some  loose  dirt  backed  around  the 
fuse.  There  is  (or  should  be)  no  explosion 
after  lighting  the  fuse ;  the  dynamite  merely 
burns,  filling  the  hole  with  dense  poisonous 
fumes.  The  cost  of  materials  is  about  2c  per 
hole. 


Ever>r  year  there  averages  in  the  United 
States  between  1300  and  1400  serious  boiler  ac- 
cidents, of  which  300  to  400  are  violent  explo- 
sions. These  accidents  kill  between  400  an.d 
500  persons,  injure  700  to  800  more,  and  de- 
stroy more  than  half  a  million  dollars'  worth 
of  property.  In  a  single  explosion,  that  of  the 
R  B.  Grover  Shoe  Co.,  at  Brockton,  Mass.,  5S 
persons  were  killed,  117  more  were  injured 
$250,000  worth  of  property  was  destroyed,  and 


an  aggregate  of  $2-o,0(X)  was  claimed  in  the 
personal  injury  and  deith  suits  that  were 
1.1  ought.  In  a  period  of  46  years,  si;:ce  1867. 
over  1 0,000  people  have  been  killed  and  over 
15,000  injurerl  in  boiler  explosions. 


.\\  the  plant  of  the  Northwestern  Malleable 
Iron  Company,  Milwaukee,  air  for  the  furnaces 
was  formerly  supplied  from  blowers  located 
at  some  distance  from  the  furnace  which  they 
served,  necessitating  a  considerable  length  of 
pipe.  For  driving  these  blowers  ^0  hp.  motors 
were  used.  Recently  individual  slow  speed 
blowers  have  been  placed  alongside  each  fur- 
nace and  ']\2  hp.  motors,  direct  connected, 
have  been  found  of  ample  size  to  furnish  all 
the  power   required. 


Fire  Commissioner  Adamson,  of  New  York, 
in  his  report  to  the  mayor  says  that  last  year's 
per  capita  fire  loss  was  the  lowest  for  any  year 
in  the  history  of  the  city  save  one,  and  the  to- 
tal fire  loss  the  lowest  of  any  year  since  1907 
save  two,  although  the  population  is  1.379,000 
greater.  These  results,  he  says,  he  has  achieved 
with  a  budget  for  191 5  reduced  by  $65,000 
from  the  budget  for  1914,  although  he  has 
made  provision  for  twenty  new  fire  companies 
at  a  cost  of  $400,000  a  year.  There  has  been 
an  increase  of  58^  per  cent,  in  the  number  of 
orders  of  the  Fire  Prevention  Bureau  which 
have  been  obeyed,  and  an  increase  of  29^  per 
cent,  in  the  number  issued.  He  has  also  es- 
tablished in  the  courts  the  right  of  the  fire 
commissioner  to  recover  the  cost  of  extin- 
guishing a  fire  which  is  the  result  of  "culpable 
and  wilful  negligence." 


The  marble  columns  for  the  Lincoln  Me- 
morial now  being  erected  in  Washington  are 
the  largest  of  their  kind  in  the  world.  Each 
block  weighs  about  35  tons  as  it  comes  from 
the  quarry,  and  twelve  blocks  are  required  for 
each  46-ft.  column.  When  completed,  one  col- 
umn weighs  192  tons  and  involves  a  cost  of 
$15,000.  The  stone  is  being  shaped  at  Mar- 
ble. Colo. ;  first  the  blocks  are  sized  with  wire 
saws  to  the  required  thickness,  then  they  are 
passed  through  the  barrel  saw,  which  cuts 
them  into  drums.  These  drums  are  trued  up 
upon  huge  lathes,  then  fluted  by  carborundum 
wheels.  Finally  they  are  hand  finished  and 
each  drum  fitted  perfectly  to  the  one  above 
and  below   it. 
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Pneumatic   Patents  April  6. 

i  atfst  ij    s    patfnts  1,134,186.     means  for  inflating  pneu- 

LAitsi    u.    3.    I-AIC1M3  'matIC    tires.      William    J.    Drew,    Racine. 

Full  specihcations  and  drazvings  of  any  pat-  Wis. 

ent  may  be  obtained  by  sending  five  cents  (not  1.134.215.     AIR  PUMPING  APPARATUS.    Rob- 

-^                                    ...  ERT  V.   Morse,  Ithaca,  N.  Y. 
stamps)     to     the     Commissioner    of    Patents, 

IVashington,  D.  C. 


1,134,294.       VACUUM-CLEANER.       Georg     Su- 
PANZ,    Vienna,    Austria-Hungary. 


APRIL  6. 

1,134.098.  PERFUME  -  SPRAYER.  Mayer 
Jri.ES  Robert  Bloch.  Paris,  France. 

1.134.123.  FLUID-OPERATED  TOOL.  LOUIS 
W.  Greve,   Cleveland,   Ohio. 


1,134,319.  COMPRESSED-GAS  LAMP.  Ernst 
Dresler,   Neukolln,  Germany. 

1,134.402.  PNEUMATIC  -  DESPATCH  -  TUBE 
APPARATUS.  John  T.  Needham,  New  York, 
N.   Y. 


'   ®~     C 


/,/35,834- 


1,135,  67/ 


fy 


LttL 


-ii- 


P.N'EL'.MATIC      PaTE.NT.S     ApKIL     I3. 


COMl'KI-SSKD  ATR   M.\r;.\ZI\R. 


7649 


]J?.4,40r).  PRESSURE-PITAIP  AND  VACUUM- 
'I'RAP.  John  Edwaud  I.kvvis  Ooukx,  f^Iscurd, 
Eni;land. 

1,134,424-5.  RETARDED  RELEASE  TRIPLE- 
VAIA'E  DEVICE.  Walter  V.  Tuuner,  Edge- 
wood,   Pa. 

1,134,426.  FUTID-PRESSURE  BRAKE.  Wal- 
ter V.   Turner.    P^dj? wood,    F'a. 

1,134,432.  PROCESS  AND  APPARATUS  FOR 
COMPRESSIN(J,  DRYING,  AND  TRANS- 
FERRING CPTLORIN  GAS.  Jonas  W.  Ayls- 
WORTH,    East   OfiinM'  ,    I^I-    T. 

1,134,440.  ELECTROPNEUMATIC  BRAKE. 
John  W.   Cloud.  Ijondon,  Ens  ii^nd. 


1,13."), 119.  FLUID-METER.  John  W.  Lkdolx. 
Sv.'jirthrnoii',    Pa. 

1,13.5,1. ".2.  PNEUMATIC  .AUTO.VIATIC  MUSI- 
CAL INSTRUMENT.  Robert  J.  li!:NNBTT, 
MoliiK-,  in. 

1,1 3"),  ITS.  FLUID-OPERATED  TOOL.  L';t;i.s 
W.   Greve.   (JlfVfland.   Ohio. 

1,135,341.  TREE-SPRAYER.  Jav  Wil:ox, 
Rothbury,  Mich. 

1.13.^,470.       VALVE    FOR    AIR-COMPRESSORS. 

Elmer  A.   Watts,   Sprinprfie'd.  Ohio. 

1,135,525.  FLUID-ACTUATED  CLUTCH.  Rob- 
ert  r^.    rjiBBARD.   Sfwickhy,   Pa. 


Pneumatic    Pa  tents  April  20. 


1,134,568.  DRY-BLAST  SYSTEM.  Bruce  Wal- 
ter,  Pittsburgh,   Pa. 

1,134,608.  FLUID-PRESSURE  DOOR-OPER- 
ATING DEVICE.  Albert  Gottschalk,  New 
York,  N.  Y. 

1,134,648.  PNEUMATIC  OPERATING  MECH- 
ANISM FOR  DOORS,  STEPS,  OR  THE 
LIKE.     George  M.  Spencer,  St.  Louis,  Mo. 

1,134,703.  HOT-AIR  HEATING  SYSTEM.  John 
E.   Seltzer,   i^^lint.   Mich. 

1,184,718.  PERCUSSIVE  TOOL.  Lewis  C. 
Batles,   Easton,   Pa. 

1,134,723.  PERCUSSIVE  BOILER  -  TUBE 
CLEANER.  William  Burlingham,  Newport 
News,   Va. 

1,134,757.  APPARATUS  FOR  AERATING 
FLOUR.  William  M.  Nissley,  Philadelphia, 
Pa 

1,134!853.  ELECTROPNEUMATIC  BRAKE. 
Clydf    N.     Holcombe.    New    Rochelle,    N.    Y.  ; 

1,134,976.  MEANS  FOR  HUMIDIFYING  AIR. 
William  G.  R.  Braemer  and  Samuel  C. 
Bloom,  Camden.  N.  J. 

APRIL   13. 

1,135,001.  APPARATUS  FOR  CLEANING 
SURFACES.  George  Durham  and  Charles 
W.   McGuiRK.   Scranton,   Pa. 

1,135,023.  COMPRESSED-AIR  AND  SUCTION 
WATER-ELEVATOR.  Will  L.  Jones.  Doug- 
las,  Ariz. 


1,135,610.  PNEUMATIC-DESPATCH  -  TUBE 
APPARATUS.  Albert  W.  Pearsall  and  Fred 
R.   Taisey.    Lowell,   Mass. 

1,135,671.  FLUID  -  COMF*RESSOR.  Elmer  E. 
Davis.    West   Cliicago,    111. 

1,135,779.  PNEUMATIC  WHEEL.  Joseph 
Dove-Smith,   Niagara  Falls.   N.   Y. 

1,135,834.  HYDRAULIC  AIR-EJECTOR  FOR 
VACUUM  CLEANING  AND  OTHER  PUR- 
POSES. Campbell  Morton,  Glasgow,  Scot- 
land. 

1,1.^5.925.  PNEUMATIC         CUSHION        AND 

SHOCK-ABSORBER.       B'red    R.    F.    Richter. 
Ni\or\"ilie.    N.    Y. 

-APRIL   20. 

1.136.061.  FLUID-PRESSURE  BRAKE.  Wal- 
ter V.  Turner.   Edgewood,   Pa. 

1.136.062.  ELECTROPNEUMATIC  BRAKE. 
Walter  V.  Turner.  Edgewood,  Pa. 

1.136.070.      PUMPING    SYSTEM.      FREDERICK    C 

Wfber,  New  York,  N.   Y. 

1.  In  a  pumping  system,  the  combination  of  a 
source  of  fluid  pressure  supply,  a  liquid  cham- 
ber having  ink  t  and  discharge  valves,  a  revers- 
ing valve  for  admitting  fluid  pressure  from  said 
supply  to  said  chamber,  and  for  exhausting  said 
pressure  therefrom,  and  means  for  throttling  the 
rxhaust  from  said  liquid  chamber. 
1.136,132.   AUTOMATIC  TRAIN-STOP  DEVICE. 

Albert    Edmund    Hudson.     Calgary.     Alberta. 

Canada. 


7650 


COMPRESSED  AIR  MAGAZINE. 


MUSICAL     INSTRU- 

Chicago,   111. 

L,ou:s    Goldberg,    In- 

Peter      H. 


1.136.190.       PNEUMATIC 
MENT.      Peoeu  Wiooex, 

i.i:n;.L'L'7.     ozoxator. 

'lianapoli.«!.    Ind. 
1.136,277.       COOKING       VESSEL. 

ScHLUETER.   Chicago,  111. 

1.  In  comV)ination,  a  bowl  shaped  kettle,  a  cov- 
er adapted  to  make  sealed  i  iigagcnieiit  with  the 
rim  of  the  kettle,  .^aid  cover  bt>ing  hina^edly  .sup- 
ported at  one  side  of  the  kettle,  vacuum  creat- 
ing mtans  connected  with  the  cover  and  means 
for  luating  the  kettle. 
l,i:?6.330.  MULTISTAGE         CENTRIFUGAL 

BLOWER.      Thomas   W.   Greex.    Philadelphia, 

Pa. 
1.136.372.      PNEUMATIC    ACTION    FOR    PLAY- 

ER-PI.\XOS.     George   Schumann,   Sr.,   Union 

Hill,  N.  J. 
1.136.434.       PNEUMATIC     CARPET-CLEANER. 

Edwin  E.   Overholt.  Washington.   D.   C. 
1,136.437.         OXYACETYLENE        APPARATUS. 

Michael  L.   Popp.   Milwaukee.   Wis. 


1,137,132.  PNEUMATIC  PRESS  AND  METAL- 
FORMING  MACHINE.  Edward  G.  Gross, 
Columbus,   Ga. 

1.137.164.  S.XFETY  DEVICE  FOR  BLOWING- 
ENGINES.     Henry  G.  O'Reilly,  Joilet.  111. 

1,137,179.  VALVE  MECHANISM  FOR  AIR- 
BRAKE SYSTEMS.  William  Austin,  Scran- 
ton.   Pa. 

1,137,23ft.  COMBINED         ELECTRIC        AND 

PNEUMATIC  HORN.  William  Sparks.  Jack- 
son,   Midi. 

1,137,304.  GLASS-BLOWING  MACHINE.  Ben- 
jamin  D.   Chambkrltn.   Washington,  D.  C. 

1,137.327.  PNEUMATIC -DESPATCH  -  TUBE 
APPARATUS.  Chester  S.  Jennings.  Bo&ton, 
Mass. 

1,137,339.  ETCHING  APPARATUS.  Louis  E. 
Levy  and  Howard  S.  I..kvy,  Philadelphia,  Pa. 
1.  In  an  etching  apparatus,  a  tank  for  etching 

fluid,    means    ror    effecting    an    ebullition    of    the 

etching  fluid   by   the   introduction   of  air  into  the 

etching  fluid,   means   for   maintaining  a   plate   to 
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1.136.470.        SPRING     AIR-GUX.       Charles     F. 

Lefeveij,    PIvinoulh.    Mich. 
1,136,478.       PRESSURE-TRANSMITTING    CON- 
TROLLER.      ^^{AN^IS    E 

F.    Mills,   Boston.    Mass. 
1.136.491.       ACETYLENE    BLOWPIPE. 

fl.   Smith,   Minneanolis,  Minn. 
1.1 36, nl  7.      ARTIFICIAL-BREATHING 

ATUS.      JoHANN     Heinrich    Drager, 

German  v. 
1,136.607.      GOVERNOR    FOR    COMPRESSORS 

John    ]j.   O.'^borne,    Rochester.    N.    Y. 
1,136.619.        FLT'ID      PRESSURE       OR 

REGT'LATOR     OR     CONTROLLER. 

LiX'^oLX   Sage.    N«wton   Center.    Mass. 
1,136..«*27.      FAN-BLOWER.      William   J. 

fJOMKHY.   Jfaiuiette     I 'a. 
1,136.S77.         r'EXTRn'UGAL      BLOWER 

OTHER     CE.XTRIIl'GAI^     MACHINE 

SIMILATt    NATURP:.      Thomas    Henry 

LETT    Hr>.MKRHHA.M,    Bradford,    England. 
1.136.^90.         VACUUM      CLEANING-MACHINE. 

George  Bra.vd.  Brof)klvn.  N.  Y. 
AT'flTL    27. 
1,136.923.  PNEUMATIC         T'lANO-PLA  YER. 

HoLDE.v   P.   Balloi",    Hartford,   f'onn. 
1.136.9.';7.      ROTARY    COMPRESSOR.      Carl    F. 

Hettti.xgkr.   Bostrin.   Mass. 
1,136.96S.       PNET\MATTC     CUSHI<)X.      CffARLEB 

W.    McDAitE,   Mof»rh'ad,   Iowa. 
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be  etciied  so  tliat  said  plate  will  be  maintained 
in  a  fixed  position  svabmerged  in  the  etching 
fluid  with  the  face  to  Ije  etched  downward,  and 
means  for  effecting  a  disliibution  of  the  air  in 
the  etching  fluid  such  means  being  located  be- 
neath the  plate  to  be  etched. 
1,137,463.     BLOWER  SYSTEM.     Charles  W.  E. 

Clarke,    N<'w    York.   N.    Y. 
1,137,488.      SIPHON    ATTACHMENT.      Francis 

K.    Hyde,  New  York.   N.   Y. 
1,137,575-6.   AUTOMA'J'IC  AIR-ESCAPE  VALVE 

FOR  RAILWAY-BRAKES.     Samuel  Cheney, 

Wickepin,    Western   Australia,   Australia. 
1,137.627.        FENDER.       Walter    H.     Jennings, 

Smithfield,    I'a.      Filed   Aug.    12,    1914. 
1,137.696.       BURIAL-CASE.       Geo::ge    L.     Camp- 

rell.    Wilii.imsport.    T'a. 

1.  A  burial  vault  comr»rising  a  housing,  a  clos- 
ure hermetically  sealed  thereon,  said  closure  be- 
ing provided  about  centrally  with  a  cavity  ana 
also  having  a  valve  seat  in  the  bottom  o<'  said 
cavity,  a  valve  mounted  in  connection  with  the 
seat  In  the  closure,  means  to  limit  the  outward 
movement  of  said  vahe.  and  at  the  s.ime  time 
I)ermil  air  to  b"  extracted  from  the  housing,  and 
means  applicable  to  the  cavity  In  said  closure 
for  sealing  the  valve  in  Its  scat  after  the  air  has 
be(  n  extracted  from  the  housing. 
1,137,701.      AIR-BRAKE    APPARATUS.      Frank 

S.  Cravens,  Olive  Hill,  Ky. 
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ELECTRIFYING    THE  FORGE  SHOP 

BV    CHARLKS    A.     HIRSCHBERG. 

This  is  to  tell  how  steam  may  be,  and  is  be- 
ing, dispensed  with  as  a  direct  motive  power 
in  forge  shops,  the  electric  current  being  adopt- 


X.  v..  where  the  substitution  was  actually 
made,  that  is.  a  steam  hammer  was  converted 
into    an    electro-pneumatic    one. 

Inquiry   was    made   here   as   to   the    reasons 
for  the  conversion  and  whether  the  results  had 


ed  in  its  place,  and  this  being  made  available      justified  the  change.     It  elicited  the  following 

by  the  aid  of  compressed  air.     We  may  begin       reply: 

by  citing  one  plant,  Buffalo  Pitts  Co.,  Buffalo.  "We  have  one  forge  hammer  (Operating  un- 
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der  compressed  air.  It  has  been  very  satis- 
factory but  we  are  sorry  that  we  cannot  give 
you  at  this  time  any  accurate  information  as 
to  the  amount  of  power  which  it  takes  to  oper- 
ate it." 

''The  principal  reason  why  wc  changed  from 
steam  was  that  our  boilers  were  being  run 
here  for  the  sole  purpose  of  operating  oui 
one  big  steam  hammer,  the  rest  of  the  plant 
being  on  electric  power.  By  cutting  oflF  the 
steam  we  have  been  able  to  cut  out  our  high- 
pressure  boilers." 

The  compressed  air  plant  here  consists  of  a 
motor  driven  "Imperial"  two-stage  com- 
pressor, and  the  air  in  addition  to  driving  the 
hammer  is  being  used  for  operating  pneumatic 
portable   shop  tools. 

The  Nisqually-Russell  Car  and  Locomotive 
Works  of  Tacoma.  Wash.,  were  also  operat- 
ing their  forging  liammers  bj'  compressed  air. 
and  upon  inquiry  Mr.  A.  G.  Brown.  President 
and  Manager,  was  good  enough  to  furnish 
some  extremel}'  interesting  information  and 
the  accompanying  photos. 

About  two  3'ears  ago  (1912)  the  City  Boiler 
Inspector  condemned  the  boiler  in  this  plant. 
It  was  chiefly  used  to  furnish  steam  for  the 
large  hammer  shown  in  Fig.  i.  Instead  of 
buying  a  new  boiler  the  old  one  was  con- 
verted into  a  vertical  air  receiver  and  a  14  and  9 
xi2  "Imperial"  air  compressor  was  belted  to  mo- 
tor installed  to  furnish  power  to  the  hammer 
as  well  as  to  operate  the  hand  air  tools  used 
about  the  works.  The  receiver  is  placed  close 
to  the  hammer  as  shown.  In  converting  the 
steam  hammer  to  compressed  air  operation  the 
action  of  the  inlet  and  exhaust  valves  was  im- 
proved by  giving  them  a  slight  taper. 

In  Fig.  2  is  shown  the  compressor  plant,  al 
though  the  relative  dimensions  are  not  con- 
sistent. Mr.  Brown  stated  that  $50.00  a  month 
was  a  liberal  estimate  for  the  power  consump- 
tion of  the  compressor,  whereas  the  fixed 
charges  under  the  old  system  were  $62.50  \ht 
month  for  the  licensed  fireman  at  $2.50  pt-r 
day  anrl  $31.25  for  12 V^  tons  of  coal  at  $2.50 
per  ton.  making  a  total  of  $93.75.  or  a  saving 
in  favor  of  the  air  compressor  of  $43.75  a 
month. 

The  reader  should  bear  in  mind  that  the 
compres.sor  is  operating  other  tools ;  there- 
fore the  saving  in  reality  would  be  greater 
than  the  figures  above  show  On  the  above 
basis.    lu)wever.    the    saving    per    year    in    thi> 


plant  is  $525.00.  This  company  further  stated 
that  aside  from  the  saving  there  is  a  decided 
advantage  in  the  increased  efficiency  of  the 
hammer  as  they  were  only  able  to  carry  90 
lbs.  pressure  on  the  old  boiler  and  they  fig- 
ured that  this  gave  them  about  60  lbs.  work- 
ing pressure  at  the  hammer.  The  air,  on  the 
other  hand,  is  practically  at  the  same  pressure 
at  the  hammer  as  in  the  receiver,  and  they  get 
fully  90  lbs.  on  the  piston.  The  further  state- 
ment is  made  that  "the  air  is  quicker,  and  al- 
though not  so  elastic  as  the  steam  (?)  is 
nevertheless  very  satisfactory." 

A  further  saving  might  be  mentioned  in  the 
expense  of  handling  the  ashes  which  they 
have  to  cart  away.  So  far  as  the  item  of  cost 
for  boiler  feed  water  is  concerned,  this  is 
about  offset  by  the  consumption  of  the  cooling 
jackets   of   the  compressor. 


FIG.   3 
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FIG.     2. 


The  Herbrand  Company  of  Fremont,  Ohio, 
have  recently  installed  several  compressors  for 
operating  converted  steam  hammers ;  they 
have  not  however  been  long  enough  in  ser- 
vice to  draw  a  comparison  between  present 
and  past  practice. 

Manufacturers  of  forging  hammers  have  be- 
come awake  to  the  conditions  existing  and 
within  the  past  few  years  there  have  been  a 
number  of  hammers  placed  on  the  market  de- 
signed especially  for  operation  by  compressed 
air. 

In  Fig.  3  is  shown  a  pneumatic  drop  press 
built  by  the  Henderson  Machine  Co.,  of  Phil- 
adelphia. It  is  designed  for  stamping  sheet 
metal  hot.  Sizes  range  up  to  46"  x  ^2"  face 
of  hammer.  The  power  consumption  ranges 
from  60  cubic  feet  of  free  air  per  minute,  for 
the  smallest  size,  to  200  cubic  feet  for  the  lar- 
gest at  a  pressure  of  90  pounds. 

Fig.  4  shows  another  pneumatic  drop  ham- 
mer, built  by  the  Pennsylvania  Pneumatic 
Co..  Erie,  Pa.  The  builder's  object  in  de- 
signing this  tool  was  to  eliminate  the  board, 
friction  rollers,  gears,  clutches  and  other  such 
appurtenances  which  mark  the  ordinary  steam 
drop  hammer,  and  to  take  advantage  of  the 
convenient   compressed   air   power,   making   it 


possible  to  greatly  simplify  the  design  and  in 
addition  give  more  satisfactory  operation. 
Compressed  air  at  a  pressure  of  60  to  100  lb. 
is  used,  striking  a  blow  of  between  250  and 
350  lb.  The  manufacturer  claims  an  unusually 
low  air  consumption  of  about  3  cu.  ft.  of  free 
air  per  minute  at  60  lbs.  pressure  or  about  S 
cu.    ft  at   100  lbs.   pressure. 

A   FEW   ADVANTAGES   OF   THE   PNEUMATICALLY   OP- 
ERATED   HAMMER    AND    DISADVANTAGES    OF 
STEAM      OPERATION. 

Compressed  air  is  lively  and  instantly  avail- 
able for  use.  so  that  there  is  no  delay  when 
starting  up  in  the  morning,  or  any  time  it  may 
be  wanted. 

When  starting  up  the  steam  hammer  it  is 
usually  cold  and  the  steam  condenses,  the  lu- 
brication is  partly  washed  out.  and  there  is  a 
lot  of  water  dripping,  so  that  you  cannot  put  a 
forging  under  the  hammer  at  once.  If  you  do 
that,  dripping  water  is  likely  to  spatter  and 
scald  the  operator.  Nor  can  the  forging  al- 
ways be  left  in  the  fire,  waiting  for  the  wa- 
ter to  stop  dripping,  because  it  is  liable  to 
burn,  and  all  this  trouble  happens  several 
times  a  day  unless  the  hammer  is  in  constant 
use.  Then  there  is  constant  trouble  from 
burnt  out  packing. 
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IK,.    4- 
OTHER    L'SES    FOR    AIR    IX    THE    FORGE    SHOP. 

In  mail}'  forge  shops  the  compressed  air  is 
utilized  for  blowing  forges,  oil  furnaces  and 
tempering  furnaces,  for  agitating  various  tem- 
pering liquids,  for  operating  hoists,  bull-doz- 
ers, bending  presses,  bolt  heading  machines 
and  various  other  i)ncuniatic  devices  and  port- 
able  pneumatic   tools. 

The  average  machine  shop  is  already  fa- 
miliar with  the  advantages  of  compressed  air 
in  shop  operations,  but  in  the  case  of  the 
ff»rge  shoj)  it  would  seem  to  warrant  special 
consideration. 


LEAD    WOOL  AND    PNEUMATIC    CAULKING 

At  the  recent  annual  meeting  of  the  Ameri- 
can Water  Works  Association  the  comparative 
merits  of  lead  wool  and  of  cast  lead  joints 
were  discussed,  and  it  was  shown  to  be  great- 
ly  advantaKeous   to   use   the   lead   wool,   espe- 


cially where  only  a  few  joints  are  to  be  made 
at  a  time. 

Mr.  John  M.  Diven,  superintendent  of  wa- 
ter works  at  Troy,  N.  Y.,  stated  that  he  has 
found  the  use  of  lead  wool  so  satisfactory 
that,  in  small  jobs,  such  as  in  setting  fire 
hydrants  where  there  are  only  four  or  five 
joints  to  make,  he  has  not  used  a  fire  for 
3-ears.  lie  called  attention  to  the  fact  that  the 
time  required  to  get  the  fire  started  and  to  get 
the  melting  apparatus  in  position,  in  the  case 
of  a  small  job,  is  a  large  percentage  of  the 
time  required  for  the  entire  job,  and  is  cor- 
respondingly expensive.  On  one  large  job  he 
stipulated  with  the  contractor  that  a  half 
mile  of  pipe  be  laid  with  lead  wool  and  hand 
caulked  joints  and  a  mile  with  air  pressure 
joints.  A  careful  record  of  the  leaks  in  both 
types  of  joints  was  to  have  been  kept,  but 
the  contractor's  caulkers  refused  to  do  the 
work  and  the  test  was  given  up. 

This  is  not  the  first  instance  in  which  caulk- 
ers have  refused  to  use  the  pneumatic  tools. 
The  refusals  have  not  been  at  the  suggestion 
of  "organized  labor"  or  anything  of  that  kind, 
but  have  been  on  account  of  the  inexperience 
and  timidity  of  the  workmen.  Where  the  use 
of  the  pneumatic  tools  has  been  demonstrated 
by  experts,  and  where  it  has  thus  been  shown 
that  the  work  is  actually  easier  and  more  re- 
munerative the  tools  have  come  to  be  pre- 
ferred, as  has  occurred  in  Brooklyn  and  else- 
where. 

On  another  occasion  Mr.  Diven  states  that 
he  had  laid  an  8-in.  cast  iron  pipe  line  through 
swampy  land.  One-half  of  this  line  was 
caulked  with  lead  wool  and  the  other  half 
with  cast  lead  joints.  Seven  or  eight  months 
after  the  work  was  done  there  had  been  no 
leaks  in  the  lead  wool  joints  but  all  of  the  cast 
lead  joints  had  developed  leaks.  The  joints 
were  all  very  deep  and  were  from  ^  to  ^  in. 
thick,  and  the  lead  wool  held  where  the  cast 
lead  did  not. 

Mr.  Oscar  Bulkley,  engineer  of  the  Rock- 
ford.  111.,  water  department,  stated  that  in  his 
department  lead  wool  was  used  on  a  line  of 
pij)e  X  and  10  ins.  in  diameter,  but  the  use  of 
the  material  was  abandoned  because  the  caulk- 
ers refused  to  do  the  work.  When  caulked 
by  hand  it  is  a  long  and  tedious  job.  The 
only  way  lead  wool  can  be  used  to  advantage 
on  big  jobs,  is  in  connection  with  i)neumatic 
caulking. 


coMr'RivSsi-:i)  \ii<  m  \(,.\/im- 
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FIG.    I.      GENERAL  VIEW    OF  LEYNER  SHARPENER. 


JACKHAMERS  DRIVE  GANGWAYS  IN 
ANTHRACITE  MINES 

BY  CHARLES   C.   PHELPS. 

This  article  refers  to  the  results  obtained 
in  mining  anthracite  coal  by  the  use  of 
Jackhamers  and  electrically  driven  mine-car 
compressors  by  one  of  the  large  coal-mining 
companies  operating  in  the  Scranton  district 
of  Pennsylvania.  One  of  the  collieries  of  this 
company  was  recently  visited  by  the  writer  af- 
ter the  above-named  equipment  had  been  in 
service  about  seven  months. 

The  mine  car  compressors  employed  here  are 
of  the  IngersoU-Rand  type,  and  the  Jack- 
hamers also  are  Ingersoll-Rand  B.  C.  R.-430, 
both  of  which  have  been  described  in  these 
columns  and  elsewhere,  so  that  it  will  not  be 
necessary  to  go  into  a  detailed  description 
again.  A  large  number  of  these  equipments 
are  in  use  in  the  various  mines  of  this  com- 
pany for  drilling  both  coal  and  rock,  also  for 
cutting  hitches   for  timbers. 

Formerly  hand  coal  augers  were  used  for 
boring  the  coal,  while  Temple-Ingersoll  elec- 
tric-air drills,  as  well  as  hammer  and  "jump- 
er" steel,  were  employed  for  the  rock.  Where- 
as two  men  were  required  for  either  machine 


or  hand  drilling,  as  formerly  practiced  at  this 
mine,  it  now  requires  but  one  man  to  run  a 
Jackhamer  drill,  as  this  machine  is  easy  to 
operate  and,  owing  to  its  lightness,  may  be 
moved  from  place  to  place  almost  as  easily 
as  a  shovel  or  a  pick. 

One  feature  of  the  Jackhamer  that  is  par- 
ticularly appreciated  by  the  drill  runner  is  the 
improvement  in  the  ventilation  at  the  face  due 
to  the  air  exhausting  from  the  drill. 

Although  some  of  the  holes  are  drilled 
downward,  most  of  them  are  projected  hori- 
zontally for  blasting  from  the  solid.  Prob- 
ably three  out  of  every  four  holes  are  hori- 
zontal. The  blast  holes  are  drilled  to  a  depth 
of  6  ft.  with  changes  of  steel  varying  by  a 
foot.  A  set  comprises  lengths  of  2V2,  3V2,  4^^, 
SVi  and  6V4  ft.  of  hollow  hexagon  steel  with 
cross-bits  of  such  size  that  the  bottoming  di- 
ameter permits  charging  with  "s-in.  50-per 
cent,  gelatin  powder.  Holes  were  formerly 
put  in  to  the  same  depth  and  the  same  strength 
powder  was  used,  but  the  holes  were  of  i^  in. 
diameter. 

With  conditions  as  mentioned  above,  the 
rate  of  progress  during  one  montli  was  225  ft. 
of   gangway   driven,   working   with   one  Jack- 


7656 


COMPRESSED  AIR  MAGAZINE. 


hamer  during  two  8-hr.  shifts  per  day  and 
driving  a  section  14  ft.  wide  comprising  3  ft. 
of  anthracite  coal  and  4  ft.  of  bottom  sand- 
rock.  The  rate  of  drilling  of  the  Jackhamer 
in  hard  coal  was  observed  to  be  3  min.  for  a 
6-ft.  hole,  including  changes  of  steel.  It  re- 
quired 10  min.  to  drill  a  6-ft.  hole  in  the  sand 
rock,   also   including  the   changing  of   steel. 

The  mine-car  compressor  is  transported 
over  the  regular  mine  tracks  to  a  point  near 
the  face.  It  is  then  derailed  and  placed  to  one 
side  and  connected  with  the  electric  line  sii])- 


a  certain  amount  of  skill  on  the  part  of  the 
operator,  and  as  these  equipments  are  often 
handled  by  inexperienced  men,  it  is  difficult 
to  prevent  abusing  the  motor  when  the  hand 
type  of  starter  is  employed.  With  the  auto- 
matic starter,  the  knife  switch  is  closed  in 
order  to  start  up,  whereupon  the  motor  is 
smoothly  but  quickly  accelerated  to  maximum 
speed.  The  knife  switch  is  opened  when  the 
compressor  is  to  be  shut  down. 

The   automatic   motor   starter   may  be   seen 
in   Fig.   3  showing  the  compressor  car.     It  is 


FIG.    2.       DOLLY    SHARPENING    A    DRILL    POINT. 


plying  the  trolley  system.  The  drill-runner  al- 
so cares  for  the  mine-car  compressor,  no  oth- 
er attendant  being  required.  In  fact,  about 
the  only  attention  required  by  the  compres- 
sor is  an  occasional  filling  of  the  water  jacket, 
which  is  of  the  hopper  reservoir  type,  and 
replenishment  of  lubricating  oil.  In  other  re- 
spects the  compressor  is  entirely  automatic  in 
action,  an  automatic  unloader  keeping  the 
pressure  in  the  receiver  at  approximately  100 
lb 

The  25-hp.  motor  which  drives  this  compres- 
sor is  started  and  stopped  with  an  automatic 
motor  starter,  which  is  a  new  development, 
as  hand-operated  starters  have  been  employed 
previously  for  starting  machines  in  this  ser- 
vice. The  hand  starter  has  the  shortcoming 
that  it  depends  for  successful  operation  upon 


known  as  a  form  AK  made  by  the  Electric 
Controller  &  Manufacturing  Co.  The  copper 
contacts  are  protected  by  dirt-proof  covers, 
which  also  help  to  exclude  the  corrosive  gases 
that  are  present  in  coal  mines.  On  account  of 
the  extremely  wide  range  of  voltage  found  in 
the  average  mine  these  starters  are  specially 
designed  to  keep  the  motor  across  the  line, 
even  when  the  voltage  drops  to  a  very  low  fig- 
ure. An  added  advantage  of  using  automatic 
starters  lies  in  the  fact  that  if  power  is  in- 
terrupted the  motor  will  be  gradually  restart- 
ed without  further  attention  when  current  is 
again   restored. 

The  steels  used  while  making  the  observa- 
tions referred  to  were  sharpened  by  hand. 
Since  that  time  several  Leyner  drill  sharpen- 
ers   have    been    purchased    for    the    company's 
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FIG.    3.      MliNE-CAR   COMPRESSOR   WITH    AUTOMATIC    STARTER. 


various  mines.  One  of  these  is  shown  in  Fig. 
2.  Three  coal  forges  located  near  the  sharp- 
ener are  used  for  heating  the  steels.  The  bit 
is  first  inserted  between  the  forming  blocks, 
and  the  heavy  cross-head  forges  the  bit  to 
approximate  cross-section.  It  is  then  inserted 
in  the  dies  in  the  center  of  the  machine  and  the 
cross-head  is  lowered  to  grip  the  steel  tightly. 
The  dolly  then  reciprocates  rapidly,  striking 
the  end  of  the  bit  a  succession  of  light  blows, 
compacting  the  metal  and  sharpening  the  bit. 

The  sharpener  is  operated  by  compressed 
air,  and  its  action  is  controlled  entirely  by  the 
single  lever  shown  in  the  illustration.  After 
sharpening,  the  steel  is  reheated  to  a  cherry 
red  and  hardened  by  dipping  in  a  pail  of  wa- 
ter upon  the  surface  of  which  floats  about  y2 
in.  of  crude  oil.  The  shanks  are  formed  in 
the  same  machine  and  are  hardened  for  a 
distance  of  about  54   in-   from  the  end. 

By  means  of  the  Leyner  sharpener  the  time 
required  for  sharpening  steel  is  greatly  de- 
creased, giving  the  blacksmith  more  time  for 
other  duties.  At  the  same  time  a  much  better 
and  more  uniform  quality  of  work  is  ob- 
tained. The  method  of  hardening  described 
has  proven  satisfactory,  resulting  in  very  lit- 
tle broken  steel. — Coal  Age. 


Tanks  to  hold  half  a  ton  of  ice  and  elec- 
tric fans  to  circulate  the  air  from  them  are 
used  to  cool  the  interior  of  passenger  cars  of 
the  Egyptian   State  railways. 


POWDER  EXPLOSION  PHENOMENA 

It  is  curious  how  differently  powder  acts 
under  conditions  apparently  similar.  I  have 
been  at  the  side  of  a  man  carrying  a  box  of 
powder,  when  it  fell  and  did  not  explode. 
Again,  I  have  known  it  to  fall  from  a  man's 
shoulder  and  kill  every  one  near-by.  I  once 
had  a  mule  loaded  with  grain  and  100  lb.  of 
powder;  the  cargo  became  loose  and  fright- 
ened the  mule,  which  ran  away,  scattering  the 
powder  for  a  hundred  yards  and  even  break- 
ing sticks  of  it,  but  without  any  explosion.  A 
number  of  years  ago  a  pack-train  of  22  mules 
loaded  with  powder  out  from  Mazatlan,  Mex- 
ico, disappeared.  It  is  presumed  a  box  fell 
off  when  loading.  At  any  rate  the  whole 
pack-train,  including  the  men,  was  killed.  The 
remains  proved   insufficient   for  burial. 

Once  a  partner  of  mine  was  thawing  pow- 
der at  an  open-air  fire  while  we  were  eating 
dinner.  It  caught  fire  and  as  we  needed  that 
powder  badl}',  he  grabbed  a  shovel  and  delib- 
erately beat  the  fire  out  with  it.  I  yelled,  try- 
ing m\'  best  to  stop  him.  and  then,  as  he 
kept  on.  I  ran ;  but  there  was  no  explosion. 
Later  his  carelessness  caused  the  loss  of  his 
eyesight.  While  working  in  a  240-ft.  tunnel 
we  tried  to  fire  six  holes  at  the  breast.  One 
would  not  spit  and.  after  lighting  the  others, 
we  again  tried  to  ignite  it,  but  were  finally 
obliged  to  run.  The  fuse  still  declined  to  spit, 
and  the  result  was  a  misfire.  My  partner  in- 
sisted on   returning   (probably  6  to  8  minutes 
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later)  to  re-light  it,  while  1  l)uilt  a  fire  to 
warm  our  coffee.  I  tried  my  best  to  per- 
suade him  to  wait  until  after  dinner,  but  he 
went  and  was  just  over  the  hole  when  it  ex- 
ploded. This  fuse,  examined  afterward, 
showed  no  evidence  of  having  been  burnt. 

A  friend  had  an  experience  with  defective 
fuse  in  the  bottom  of  a  shaft.  'I'he  fuse  would 
not  light.  He  and  the  others  waited  the  full 
noon-hour.  when,  upon  entering  the  shaft,  it 
exploded.  I  have  known  an  ignorant  man  to 
throw  powder  down  a  40-ft.  shaft  to  a  miner 
wit'iout  its  exi)loding.  That  mnier.  however. 
did  explode ;  climbing  the  ladder,  he  chased 
the  other  man  off  the  pr(jp.rty.  Ihe  latter 
never  returned.  I  have  seen  boxes  of  powder 
thrown  down  a  bank.  60  to  75  ft.  high,  some- 
times breaking  the  boxes,  anfl  still  without 
exploding.  1  have  seen  loose  >ticks  thrown 
from    one   car    to   another    loaded    with    r'>cks 


and  lx)unce  oft'  tiie  car  without  exploding. 
.\gain,^  powder  has  been  known  to  explode 
from  a  very  slight  shock  or  fall. 

1  have  seen  two  or  three  tons  of  powder 
burn  up  without  explosion  and  again  have 
seen  it  explode  from  the  heat  of  a  stove  while 
being  thawed.  A  few  years  ago  a  ship-load 
was  lost  at  the  entrance  to  the  Bay  of  Altata, 
at  Sinaloa,  Mexico,  and  after  several  months 
it  was  salvaged.  It  was  so  badly  damaged 
that  new  powder  had  to  be  used  with  it  in 
order  to  make  it  explode,  but.  the  price  of 
powder  being  high,  it  was  all  used. 

The  action  under  similar  conditions  of  pow- 
der of  the  same  make  and  strength  is  so  dif- 
ferent, that  the  utmost  care  should  always 
be  exercised  when  handling  any  explosive. — 
(/".    /..  Sheldon   in   Mining  Press. 


AN  EXPLOSIVE  MIXTURE  AND  WHAT  IT 
DID 

BV    NAT.    G.    PUMPER. 

I'here  was  a  compressed  air  lank  used  by 
a  large  pumping  plant  to  start  their  gas  en- 
gines. The  tank,  which  was  located  outside 
the  auxiliary  room,  was  60  in.  diameter  and 
20  ft.  long,  tested  to  200  lb.,  the  compressor 
for  charging  was  too  small  for  the  purposes 
and  in  an  emergency  a  one-inch  line  from  the 
high-pressure  gas  line  was  tapped  in.  The 
tank  would  l)e  charged  up  to  about  130  lb.  and 
the  engine  started,  then  the  tank  would  be 
blown  clean  and  filled  with  air  by  the  com- 
pressor. 

This  went  very  well  for  awhile,  but  one  day 
the  auxiliary  engineer  blew  the  tank  down 
to  atmospheric  pressure,  closed  the  outlet 
valve  and  proceeded  to  pump  with*  air  till 
he  had  130  lb.  gage  and  a  beautiful  mixture 
in  that  tank.  A  few  hours  later,  another  en- 
gine was  to  be  started,  everything  was  ready, 
the  "air"  was  turned  on,  ignition  switch 
pushed  in  and  then  one  of  the  starting  valves 
stuck  open.  That  tank  started  3  ways  at 
once,  the  middle  sheet  straightened  out  flat 
and  went  about  4  ft.  into  the  ground,  cutting 
off  a  lo-in.  line,  one  end  started  east,  taking 
a  6-in.  engine  feed  line  with  it  and  the  other 
end  went  the  other  direction,  landing  in  a 
bank  of  i6-in.  gate  valves  which  it  demolished. 
A  large  farm  house  120  yards  away  was  moved 
off  its  foundation  and  the  plant  was  wrecked 
generally,  and  now  they  start  with  air. — Prac- 
tical pjif/iuecr 
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COMPRESSED  AIR  FOR  FLOATING  AND 
REPAIRING  STRANDED  SHIPS 

BY  HERBERT  B.   SAUNDERS. 

Tt  has  been  my  privilege  during  the  last 
twenty  years  to  be  very  closely  associated  witn 
salvage  work,  and  during  this  period  I  have 
been  able  to  observe  very  closely  the  different 
methods  that  have  been  employed  by  several 
salvage  contractors  as  they  have  wrestled  with 
the  difficult  engineering  problems.  Some  have 
employed  methods  which  were  very  crude  and 
even  amusing,  while  others  have  gone  to  work 
with  a  skill  and  energy  which  have  produced 
most  remarkable  results.  Probably  the  meth 
od  which  has  appealed  to  me  more  than  any 
other  has  been  the  use  of  compressed  air,  not 
only  with  ordinary  salvage  operations  but  for 
construction  work  such  as  the  laying  of  foun- 
dations by  the  aid  of  the  pneumatic  caisson. 

THE    SCOTTISH    KING. 

Some  sixteen  years  ago  the  steamer  Scot- 
tish King,  on  a  voyage  from  Antwerp  to 
Baltimore  and  laden  with  a  valuable  cargo, 
stranded  on  the  eastern  shore  of  Newfound- 
land. Various  efforts  were  made  by  local 
companies  to  release  her,  but  with  no  suc- 
cess. Then  Captain  William  Leslie  of  Kings- 
ton, Ontario,  came  with  the  wrecking  steamer 
Petrel  which  had  an  air  compressor  as  part 
of  her  equipment,  and  by  its  aid,  in  combina- 
tion with  that  of  powerful  water  pumps,  the 
vessel  was  floated  and  taken  into  St.  Johns, 
where  she  was  temporarily  repaired  and  sent 
to  the  St.  Lawrence.  There  she  loaded  a  car- 
go of  lumber  for  the  United  Kingdom,  but 
due  to  various  mishaps  the  venture  was  not  a 
financial  success,  and  so  for  the  time  being 
enthusiasm  over  the  salvage  means  employed 
was  dampened. 

I  had  carefully  watched  what  had  been  done 
by  Captain  Leslie  and  was  impressed  by  the 
methods  employed,  but  also  that  these  meth- 
ods could  be  improved  so  as  to  secure  econo- 
my and  despatch.  It  will  be  readily  appre- 
ciated, however,  that  opportunities  in  this  line 
are  not  frequent,  and  that  improvement  de- 
pending upon  actual  experiment  must  be  slow. 

The  next  case  which  presented  itself  was 
upon  a  large  steamer  that  stranded  in  the 
West  Indies,  and  the  only  apparatus  available 
was  a  hand  operated  diver's  air  pump.  The 
forward  compartments  were  full  of  water  to 
sea  level.  The  air  hose  was  attached  to  the 
air  pipe  at  the  forward  end  of  the  tank  and 


FIG.     I.       SCOTTISH     KING,     NEWFOUNDLAND,     1899 

in  a  very  short  time  the  trouble  was  found. 
The  diver  was  sent  down,  the  holes  were  plug- 
ged and  the  compartment  pumped  out.  In  a 
short  time  the  other  damaged  parts  of  the 
vessel  were  located  from  the  outside,  stopped, 
tanks  pumped  out  and  valuable  _  vessel  was 
saved. 

Shortly  after  this  the  British  steamer  Ben 
Cruachan  while  on  a  voyage  to  the  St.  Law- 
rence stranded  to  the  eastward  of  Louisburg, 
C.  B..  harbor.  Tt  was  high  water  when  she 
stranded  and  blowing  a  fresh  S.  E.  gale,  so 
that  the  vessel  was  forced  well  up  on  the 
rocks.  I  succeeded  in  persuading  the  contrac- 
tor to  apply  compressed  air  as  the  main  agent 
in  saving  this  vessel.  He  brought  his  plant 
alongside  the  ship  at  noon  on  Friday  and  the 
following  Tuesday  evening  all  was  ready  for 
trial.  The  preliminary  tests  were  successful, 
so  that  when  the  air  was  applied  the  next 
morning  at  high  tide  the  vessel  was  readily 
released  from  her  rocky  bed.  She  was  taken 
into  Louisburg  where  sundry  repairs  were 
made  and  the  next  day  she  was  able  to  pro- 
ceed under  her  own  steam  to  Halifax,  and 
there  she  was  dry-docked  and  repaired  and 
turned  over  to  her  owners  in  as  good  condi- 
tion as  before  the  mishap. 

The  next  experience  in  this  line  and  equally 
satisfactory  was  with  a  large  Italian  steamer 
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on  the  Florida  Keys.  It  was  nearly  a  repeti- 
tion of  the  work  done  on  the   Ben  Cruachan. 

The  author  of  this  paper  having  watched 
tile  work  done  by  the  different  experts  and 
.seen  the  advantage  of  compressed  air  for  this 
service,  has  continued  experiments  and  ap- 
plied certain  improvements  in  practice. 

When  the  water  has  been  expelled  by  the 
pressure  of  the  air  and  a  patch  is  to  be  ap- 
plied from  within  over  a  wound  by  which  the 
water  has  entered  there  usually  is  at  this 
point  a  violent  pulsation  between  the  air  in- 
side and  the  water  outside,  which  makes  it 
practically  impossible  to  get  concrete,  or  any 
other  kind  of  jointing  material  to  set  prop- 
erly. The  surging  causes  the  concrete  to  l)e- 
come  honeycombed,  with  the  result  that  the 
patch  thus  applied  is  consideral)ly  weakened, 
and  often  when  the  air  pressure  is  removed 
the  patch  all  gives  way,  and  the  work  has  to 
be  done  all  over  again. 

This  trouble  so  serious  and  often  so  costly 
to  the  contractors  is  overcome  by  the  simple 
method  here  outlined.  A  piece  of  large  pipe  is 
provided  (Fig.  2)  threaded  on  each  end  with 
one  end  screwed  into  a  large  Hange  and  a  cap 
ready  to  be  screwed  on  to  the  other  end.  The 
water  having  been  expelled  by  the  compressed 
air.  and  the  air  pressure  being  maintained 
within  the  compartment,  a  sheet  of  lead,  form- 
ing an  apron  is  spread  over  the  wound,  over- 
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FIG.    2. 

lapping  it  all  around,  and  then  the  flange  is 
placed  over  the  lead  and  secured  from  mov- 
ing by  wooden  dowel  pins.  A  hole  is  punched 
through  the  lead  right  at  the  wound  so  that 
the  water  outside  has  free  communication  with 
the  interior  of  the  pipe,  the  upper  end  of  the 
pipe   remaining  open. 

Concrete    is    then    applied    over    the    entire 
patch,    starting   at  a   reasonable   distance   out- 


l<0^•.\l.    (,l  OI<(,|-.,    Okl.KAN.S     ISI..\NI).     \()IJ. 


COMPRESSED  AIR   M,\(  .AZIXf*:. 


7r/>i 


URANIUM,     CHEBUCTO 

side  the  water  edge  of  the  lead  apron  and 
working  in  toward  and  around  the  pipe,  and 
as  thick  as  may  be  required  to  insure  sure 
resisting  power  against  the  upward  pressure 
that  must  come  against  it  as  soon  as  the  in- 
ternal air  pressure  is  removed.  The  pipe  re- 
ferred to  can  be  used  singly  or  in  series,  ac- 
cording to  the  size  of  the  wound  and  the 
thickness  of  the  patch.  When  the  concrete  has 
securely  set  the  caps  must  be  screwed  on  to 
the  upper  end  of  the  equalizing  pipe  or  pipes, 
this  effectually  preventing  the  inrush  of  wa- 
ter. 

The  next  point  to  be  overcome  was  the  fog- 
ging caused  by  the  heated  air  being  forced 
into  the  compartment  under  pressure.  This 
was  taken  care  of  by  an  efTective  aftercooler 
which  reduced  the  temperature  after  com- 
pression so  that  the  air  was  comparatively  dry 
and  free  from  fog. 

The  results  obtained  were  satisfactory,  for 
previous  to  these  experiments  great  trouJDle 
was  experienced  from  the  starting  of  the  deck 
joints  caused  by  the  sudden  rising  and  fallins^ 
of  the  temperature  and  pressure,  and  the  un 
satisfactory  work  that  was  done  under  tlu 
difficult  conditions. 

We  can  now  refer  to  the  salving  of  the 
Royal  George  (Fig.  3).  a  mail  and  passen- 
ger steamer  of  about  eleven  thousand  tons 
register  operated  between  the  St.  Lawrence 
and  Bristol,  G.  B.,  bv  the  Canadian  Northern 


HEAD     NEAR     HALIFAX. 

Steamships,  Ltd.  This  vessel  stranded  on  her 
last,  1912,  voyage  to  Montreal,  a  short  distance 
below  Quebec.  Various  efforts  were  made  to 
release  the  vessel  which  was  seriously  dam- 
aged and  forced  well  up  on  to  the  rocks  of 
Orleans  Island,  but  the  owners  abandoned 
their  interest  in  the  vessel  to  the  underwriters 
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and  their  experts  employing  the  methods  here 
outlined  soon  released  the  vessel.  There  were 
several  patches  put  on  from  the  inside  which 
allowed  several  of  the  compartments  to  be 
pumped  out  and  then  she  was  floated.  Later 
she  went  into  dry  dock  and  proper  patches 
were  put  on  the  outside. 

The  next  case,  more  difficult  and  trying, 
was  that  of  the  S.  S.  Uranium.  This  vessel 
stranded,  early  in  1913,  in  the  vicinity  of 
Chebucto  Head  at  the  entrance  to  Halifax 
Harbor  (Fig.  4).  She  was  severely  dam- 
aged from  her  stern  to  the  second  transverse 
bulkhead  but  was  successfully  floated  and  tak- 
en into  Halifax,  where  as  no  dry  dock  was 
available  she  was  so  patched  from  the  inside 
by  the  aid  of  compressed  air  and  the  system 
of  concrete  patching  that  she  was  able  to 
reach  New  York  under  her  own  steam.  Fig. 
5  shows  the  bow  of  the  steamer  in  Robbin's 
Dry  Dock,  South  Brooklyn,  where  she  was 
properly  repaired. 


LIQUID  AIR  AS  AN  EXPLOSIVE 

The  following  is  an  abstract,  presented  in 
the  Journal  of  the  American  Society  of  Me- 
chanical Engineers  from  Zcits.  fiir  Eis — und 
K'dlte — Industrie. 

Professor  Linde  appears  to  have  been  the 
first  to  successfully  introduce  an  explosive  con- 
sisting of  ground  charcoal  and  liquid  air.  Since 
then  Claude  and  d'Arsonval,  in  France,  have 
further  developed  these  processes,  and  finally 
Kowatsch  and  Baldus,  in  Germany,  have  late- 
ly worked  it  out  still  more  fully,  partly  under 
the  pressure  of  the  present  demand  for  an 
explosive  exclusively  of  German  manufac- 
ture. 

In  order  to  avoid  excessively  rapid  evapo- 
ration of  the  liquid  air,  Kowatsch,  who  uses 
a  cardboard  cartridge,  introduces  first  a 
cartridge  with  dry  carbon  into  the  drill  hole 
separately  and  without  any  liquid  air,  which  is 
put  in  only  just  previous  to  ignition.  The 
process  permits  reducing  to  a  minimum  the 
period  of  evaporation,  and  also  increases  the 
factor  of  safety  of  operation. 

The  cardboard  cartridge  contains  a  perfo- 
rated pipe  in  which  there  is  a  mixture  of  in- 
fusorial earth  with  oil  and  asphaltimi  or  lamp 
black  and  parafin,  neither  of  which  is  explosive 
in  itself.  This  center  pipe  contains  another 
cardboard  tube  over  which  a  third  cardboard 
tube   is    set,    serving   as    an    exhaust   pipe    for 


the  products  of  evaporation  of  liquid  air.  If 
several  drill  holes  have  to  be  exploded  sim- 
ultaneously, the  electric  connections  are  made 
accordingly. 

The  liquid  air  which  has  to  be  used  for  each 
hole  is  kept  in  a  precisely  determined  quantity 
in  a  small  bottle,  the  opening  of  which  is  pro- 
vided with  a  metal  tube  and  conical  nozzle, 
connected  with  the  central  tube  of  the 
cartridge.  To  load  the  cartridge,  all  that  is 
necessary  is  to  lift  the  rear  end  of  the  bottle. 
The  liquid  air  is  raised  by  the  pressure  of  its 
own  products  of  evaporation  and  gradually 
passes  into  the  cartridge.  At  the  instant  when 
the  charge  is  ignited  by  the  electric  spark,  the 
liquid  air  combines  with  the  charge  and  there 
follows  an  explosion  of  exceptional  violence. 

Among  the  advantages  of  this  method  of 
explosion  is  the  fact  that,  in  the  first  in- 
stance, the  materials  used  are  not  explosive 
in  themselves  and  the  explosive  mixture  is 
formed  only  at  the  very  last  moment  in  the 
bore  hole  itself.  In  the  second  place,  should 
an  explosion  be  missed,  the  liquid  air  will 
evaporate  and  the  remaining  cartridge  is  per- 
fectly  harmless. 


SAILOR'S  LIFE  SAVED  BY  OXYACETYLENE 
TORCH 

When  the  salvage  ship  "Salvor  I"  turned 
turtle  off  the  English  coast  near  Yarmouth, 
all  the  crew  were  washed  away  and  drowned 
except  one  man  who  found  himself  uninjured 
but  imprisoned  in  the  forecastle.  The  ves- 
sel had  turned  so  quickly  that  there  was  plenty 
of  air  impounded,  so  he  was  in  no  immediate 
danger  of  drowning  or  suffocating.  Every 
time  the  vessel  rose  with  the  swell  one  of 
the  portholes  rose  clear  of  the  water,  and, 
stationing  himself  at  the  opening,  the  impris- 
oned man  stuck  his  arm  out  and  waved  his 
hand  each  time  this  occurred.  After  three 
hours  he  heard  a  slight  tapping  on  the  hull,  a 
head  was  stuck  in  at  the  porthole  and  a  voice 
said  "Where  shall  I  cut  open  the  hull?"  After 
showing  the  rescuers  how  to  keep  clear  of 
the  stancions  the  imprisoned  man  lost  con- 
sciousness, but  had  a  vague  realization  of  be- 
ing gripped  by  the  neck  later  and  pulled  out 
of  the  hull.  An  opening  big  enough  to  pull 
the  man  through  had  been  cut  in  the  steel 
hull  with  an  oxyacetylene  torch,  the  rescuers 
standing  neck-deep  in  water  for  an  hour  while 
doing  this  work. 
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DANGERS  AND  SAFETY  CONDITIONS  OF 
HIGH    EXPLOSIVES 

The  detonation  of  nitro-glycerine  and  its 
compounds,  among  which  the  best  l<nown  are 
dynamite  and  gelatine-dynamite,  can  only  be 
brought  about  by  one  of  the  two  following 
causes :  First,  the  elevation  of  the  tempera- 
ture of  the  nitro-glycerine  to  its  explosive 
point,  namely,  in  the  neighborhood  of  400° 
F.,  but  this  does  not  apply  to  the  entire  mass 
of  the  nitro-glycerine;  it  is  only  necessary 
for  the  smallest  particle  of  nitro-glycerine. 
The  heat  liberated  by  the  explosion  of  this 
smallest  particle  is  quickly  communicated  to 
the  adjacent  particles  and  progressing  with 
lightning  rapidity,  in  geometric  ratio,  deto- 
nates the  entire  mass  as  if  by  a  single  im- 
pulse. Second,  by  the  synchronous  vibrations 
responding  to  a  wave  of  detonation  set  in  mo- 
tion by  an  exploding  mass  of  nitro-glycerine. 
This  second  cause  may  perhaps  be  referred  to 
the  first;  for  sound,  heat,  and  light  are  all 
forms  of  energy  and  are  convertible. 

Strange  stories  are  often  told  regarding  the 
-erratic  behavior  of  dynamite,  and  a  veil  of 
mystery  is  generally  thrown  about  the  result- 
ing accidents.  These  stories  are  often  cor- 
rect, but  there  is  no  mystery.  It  must  be  borne 
in  mind  that  dynamites,  even  those  of  the 
same  grade  or  degree  of  strength,  are  often 
not  the  same,  that  is,  they  differ  in  composi- 
tion. Again  dynamites  of  identical  grade  and 
composition  often  differ  as  to  their  physical 
properties.  For  instance,  take  two  dynamites 
•of  the  same  composition,  in  the  one  that  is  the 
drier  the  "dope"  ingredients  are  further  away 
from  the  saturation  point ;  this  will  render  it 
less   sensitive   than   the  other. 

The  question  is  often  asked  what  makes  a 
dynamite  sensitive.  Instead  of  answering  this 
question,  let  us  consider  how  a  dynamite  can 
be  made  less  sensitive.  When  nitro-glycer- 
ine— a  heavy  liquid — was  first  discovered  it 
was  used  as  such  ^nd  it  was  soon  found  that 
it  was  far  too  sensitive.  Nobel  incorporated 
Icieselguhr,  or  infusorial  earth,  with  nitro-glyc- 
erine and  called  this  compound  "dynamite." 
The  modern  dynamite  contains  an  active  ab- 
sorbent, one  that  enters  into  the  combustion 
of  the  explosive,  and  is  ever  so  much  more 
powerful  than  a  kieselguhr-dynamite  with  the 
same  percentage  of  nitro-glycerine.  It  is  su- 
perior in  every  respect  but  one,  and  that  is,  it 
does  not  hold  the  nitro-glycerine  as  firmly 
as  the  infusorial  earth  did. 


What  is  it  then  that  renders  a  nitro-glycer- 
ine compound  permanently  less  sensitive?  Here 
again  we  have  two  causes :  First,  anything 
that  dissolves  in,  remains  with,  and  dilutes 
the  ultimate  particles  of  nitro-glycerine.  When 
once  in  solution  and  with  the  proper  solvent 
there  cannot  be  any  stratification.  This  in- 
sures less  friction  between  the  ultimate  par- 
ticles of  nitro-glycerine  and  then,  again,  these 
particles  will  be  hampered  in  their  effort  to 
vibrate  synchronously  in  response  to  a  deto- 
nating wave.  Second,  anything  that  will  dis- 
solve in,  become  a  part  of,  and  hold  rigid  the 
ultimate  particles  of  nitro-glycerine,  prevent- 
ing friction  and  hampering  vibration,  will  ren- 
der the  nitro-glycerine  less  sensitive.  This 
is  accomplished  by  collodion  cotton  dissolving 
in  nitro-glycerine  and  converting  the  same 
into  blasting  gelatine  or,  with  "dope"  into  gel- 
atine-dynamite. 

Dynamites  are  not  the  same,  neither  as  to 
chemical  composition  nor  as  to  physical  condi- 
tion, and  the  latter  is  largely  influenced  by  at- 
mospheric conditions— temperature  and  baro- 
metric pressure.  All  explosive  phenomena  must 
be  referred  finally  to  an  elevation  of  a  particle 
of  nitro-glycerine  to  the  explosive  point.  This 
may  be  occasioned  by  a  sharp  blow  or  frac- 
ture of  a  frozen  crystal  of  nitro-glycerine  or 
the  gradual  storage  of  heat  generated  by  some 
slow  process  of  oxidation  akin  to  spontaneous 
combustion.  The  "dope"  materials  are  in  gen- 
eral bad  conductors  of  heat— Harry  East  Mill- 
er in  Mining  Press. 


AIR  LIFT  INFORMATION 

BY   C.    M.    WETHERILL. 

While  it  is  conceded  that  the  air  lift  is  not 
as  economical  as  other  systems  for  general 
pumping,  under  certain  conditions  it  has  prov- 
en economical  and  satisfactory;  especially 
where  the  water  is  taken  from  a  well  that 
is  less  than  12  ins.  in  diameter  and  the  pump- 
ing level  of  the  water  does  not  exceed  225  ft. 
above  the  lowest  water  level  in  the  well.  The 
advantage  of  the  system  is  that  the  machinery- 
is  all  above  ground.  There  is  nothing  in  the 
well  to  get  out  of  order  and  so  call  for  "pull- 
ing the  well,"  which  so  often  occurs  with  the 
plunger  type  of  pump.  The  efficiency  of  the 
air  lift  after  j-ears  of  service  remains  the 
same,  while  wear  of  plunger  pumps  often 
causes  a  drop  in  efficienc}^  of   from  40  to  50 
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per  cent,  particularly  if  the  water  contains 
fine  sand. 

The  air  lift  system  has  its  principal  use 
when  the  quantity  of  water  is  the  chief  con- 
cern, and  where  it  is  to  be  taken  from  small 
wells  widely  separated,  and  where  the  cost  of 
operation  is  not  a  large  consideration.  It'  is 
the  best  system  of  pumping  for  taking  a  large 
amount  of  water   from  the  small  well. 

The  air  lift  is  a  desirable  system  in  small 
towns  securing  their  supply  from  deep  wells 
of  small  bore,  especially  when  electric  power 
is  used.  The  system  may  be  installed  to  op- 
erate automatically,  and  the  plant  may  be  tak- 
en care  of  by  the  town  marshal.  In  water 
works  of  this  class  the  water  is  brought  to 
the  surface  reservoir  with  air.  Then  it  is 
taken  up  by  a  triplex  or  centrifugal  pump, 
operated  by  an  electric  motor,  and  elevated  to 
the  gravity  tank.  Both  of  these  machines  can 
be  operated  by  automatic  float  switches. 

.SUBMERGENCE. 

In  piping  a  well  it  is  important  to  have 
the  proper  amount  of  submergence.  This 
should  be  between  50  and  65  per  cent,  of  the 
total  length  of  the  eduction  pipe;  about  60 
per  cent,  seems  to  give  the  best  results  in  gen- 
eral. This  submergence  regulates  the  neces- 
sary running  air  pressure. 

Let  us  suppose  the  well  is  400  ft.  in  depth. 
It  is  assumed  that  when  pumping  the  quantity 
of  water  wanted  the  water  level  in  the  well 
will  drop  75  ft.  below  the  surface  of  the 
ground.  The  elevation  above  the  surface  of 
the  ground  is  25  ft.,  making  the  total  lift 
above  the  water  level  in  the  well  when  pump- 
ing to  the  point  of  discharge  a  total  of  100  ft. 
Assuming  that  the  submergence  should  repre 
sent  60  per  cent,  of  the  entire  length  of  the 
water  discharge  pipe,  this  lift  represents  40 
per  cent.  .Multiplying  this  total  lift  of  100  ft. 
by  i/^  gives  150  ft.,  which  is  the  60  per  cent. 
submergence  required.  .Adding  the  150  ft.  sub- 
mergence to  the  100  ft.  lift  gives  the  total 
length  of  250  ft.  of  water  di.scharge  pipe. 

E.XTKE.ME     LIFT     PK.XrTICAr.LK. 

It  must  be  borne  in  mind  that  the  limit  of 
practical  utility  to  which  the  water  can  be 
raised  by  this  system  is  225  ft.  above  the 
lowest  water  level  in  the  well.  This  covers 
the  majority  of  cases,  although  under  espe- 
cially favorable  conditions  water  has  been 
raised  as  high  as  260  ft.  above  the  level  ot 
the  well.     It  is  not  safe,  however,  to  count  on 


a   higher   lift   than   225    ft.   e.xcept   under   very 
favorable  conditions. 

"slip"   and    horizontal   pumping. 

The  principle  on  which  the  air  lift  works 
is  that  the  mixture  of  air  and  water  in  the 
discharge  pipe  is  lighter  per  unit  volume  than 
the  same  volume  of  water  outside  the  educ- 
tion pipe.  Therefore  the  mixture  in  the  educ- 
tion pipe  will  be  forced  to  a  much  higher 
elevation  than  the  depth  of  submergence.  In 
the  upward  motion  of  the  mixture,  or  alter- 
nate pistons  of  air  and  water,  in  the  eduction 
pipe  the  air  has  a  tendency,  on  account  of  its 
lighter  weight,  to  come  to  the  surface  faster 
than  the  water.  This  causes  what  is  known 
as  "slip."  and  is  one  of  the  principal  reasons 
for  the  low  efficiency  of  the  air  lift. 

1  he  air  lift  system  is  not  adapted  to  pump- 
ing horizontally  a  great  distance,  and  for  this 
reason  the  horizontal  discharge  should  always 
be  kept  as  short  as  possible.  When  the  reser- 
voir is  some  distance  from  the  wells  it  is 
better  to  discharge  into  a  small  elevated  tank 
and  then  allow  the  water  to  flow  to  the  reser- 
voir by  gravity. 

RATIO    OF    AIR    TO    WATER    VOLUME. 

When  60  per  cent,  of  the  entire  length  of 
the  water  discharge  pipe  is  submerged  the 
following  ratio  of  air  to  water  should  be  ob- 
served : 

For  lifts  not  ex-        Volumes  of  air  to   1 

ceeding  of  water. 

25  ft.  2 

50  ft.  3 

75  ft.  4^/2 

100  ft.  6 

125  ft.  7^/2  , 

150  ft.  9 

175  ft.  1014 

200  ft.  12 

I'hus  to  ascertain  the  volume  of  air  re- 
(|uired.  quantity  of  water  and  lift  being  known  . 
Divide  the  required  quantity  of  water  in  gal- 
lons by  7J/2  in  order  to  reduce  it  to  cubic  feet; 
then  multiply'  the  quotient  by  the  figure  from 
above  tabulation,  representing  the  volume  of 
air  re(|uired  for  the  lift  necessary  to  raise  the 
water.  .Assume,  for  instance,  that  200  gals, 
of  water  are  to  be  raised  to  the  surface  in  a 
minute  and  that  the  water  level  will  fall  7^  ft. 
below  the  surface  when  pumi)ing.  200 -^  7],'^ 
=  26.5  X  4^2  ^=  120  cu.  ft.  of  free  air  required 
per   mjnute. 
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The  required  air  pressure  is  determined  by 
the  head  of  water  outside  of  the  water  dis- 
charge pipe  from  the  level  in  the  well  to  the 
bottom  of  the  water  and  air  pipes.  Assume, 
for  instance,  that  the  water  level  in  tiie  well 
stands  even  with  the  surface  of  the  ground 
when  not  pumping,  but  that  when  it  is  pumped 
the  water  level  will  drop  50  ft.  below  the 
surface  of  the  ground.  This  would  make  it 
necessary  to  have  the  air  and  water  discharge 
pipes  125  ft.  long.  When  starting  pumping 
it  would,  of  course,  1)e  necessary  to  raise  a 
column  of  water  125  ft.  in  height,  and  allow- 
ing 0.434  pressure  for  each  foot  lift  the  start- 
ing air  pressure  required  would  be  125  X  0.434 
=  54  lbs.  As  it  has  been  assumed  that  the 
water  level  will  drop  50  ft.  after  the  well  is 
pumped,  there  would  then  be  a  head  of  water 
outside  of  the  water  discharge  pipe  75  ft.  in 
height  with  which  the  air  would  have  to 
contend,  making  the  running  air  pressure  75 
X  0.434  =  32.5  lbs. 

Still  an  easier  method  of  obtaining  the  vol- 
umes of  free  air,  pressure,  submergence  and 
indicated  horsepower  is  given  in  Table  I.  For 
instance,  say  it  is  desired  to  raise  210  gals, 
of  water  per  minute  50  ft.  high.  This  will  re- 
quire 75  ft.  submergence,  t,2,  lbs.  air  pressure, 
84  cu.  ft.  of  free  air  per  minute  and  the  com- 
pressor must  develop  7.5  I.  H.  P. 

TABLE  I.— RELATIVE  LIFT,  SUBMERGENCE. 

AIR  VOLUME   AND    PRESSURE,   AND 

I.  H.   P.    OF  COMPRESSOR. 

®  ©  P 

3  52       <a      5lB       ^i 

25 38  17  0.3  .0156 

50 75  33  0.4  .036 

75 113  49  0.6  .07 

100 150  65  0.8  .0925 

125 188  82  1.0  .16 

150 225  98  1.2  .212 

176 263  115  1.4  .265 

200 300  130  1.6  .318 

Under  favorable  conditions  the  air  con- 
sumption in  Table  I  may  be  reduced  as  much 
as  15  or  20  per  cent. 

Efficiencies  as  high  as  ;i,^  per  cent,  have  been 
obtained  under  favorable  conditions  when  a 
fair-sized,  first-class,  two-stage  compressor  is 
used.  This  is  the  T.  H.  P.  or  the  electric 
power  at  switchboard  figured  against  the  the- 
oretical horsepower  of  water  delivered. 


Table  II  gives  a  list  of  the  approximate 
size  and  capacity  of  side  inlet  devices  for  foot 
l)ieces  now  placed  on  the  market  by  several 
comi)anies  and  the  size  of  wells  they  will  go 
into. 

TABLE  II  —DATA  ON  SIDE  INLET  DEVICES. 

Air  Maximum  ca- 

pipe,                   Water  pipe,  Size  well,     paclty,  gals, 

ins.                                 ins.  ins.              per  min. 

% 1'/^  4                        25 

1      2  4V4                   50 

1      2V^  5                       75 

1»A 3  6                     105 

1% 3%  7                     145 

l»/6 4  8                     190 

2     6  10                     425 

2     5  9                     300 

Sometimes  the  size  of  the  well  does  not  per- 
mit the  use  of  the  side  inlet  piece;  then  the 
central  air  pipe  system  is  used,  'f  the  well  is 
cased  far  enough  down  to  admit  of  80  per 
cent,  sulimergence,  the  well  casing  is  used  as 
the  water  discharge  pipe  and  the  air  pipe  is 
put  down  into  it.  About  2  ft.  from  the  bot- 
tom of  the  air  pipe  a  number  of  holes  are 
drilled  for  the  air  to  escape  from.  The  size 
of  the  pipe  depends  a  great  deal  upon  the  size 
of  the  well  and  the  quantity  required,  but  the 
following  figures  will  give  a  general  idea  : 

Well  casing.         Use  air  pipe.  Capacity 

ins.  ins.  gals,  per  min- 

s'A  I'A  115 

4  I'A  150 

5  2  240 

6  2  360 

In  estimating  the  quantity  of  water  that  can 
be  forced  through  a  given  si^e  discharge  with 
the  best  economj',  the  following  rules  should 
be  observed  : 

25  ft.  lifts  10  to  II  gals,  to  each  square  inch 
area  of  water  pipe. 

50  ft.  lifts  12  to  13  gals,  to  each  square  inch 
area   of    water   pipe. 

All  higher  lifts  14  to  15  gals,  to  each  square 
inch  area  of  water  pipe. 

Usually  this  can  be  exceeded,  but  only  at 
the  expense  of  economy  in  air  consumption. 
In  pumping  wells  of  12  ins.  or  more  in  diame- 
ter, unless  the  well  is  crooked,  the  air  lift 
does  not  give  as  good  results  as  the  deep 
well  centrifugal  pump  that  is  now  being  placed 
on  the  market  by  several  companies. 

The  data  here  given  have  been  gathered 
during  the  past  ten  years  by  the  author  both 
from  experience  and  observation.  Some  of 
the  information  has  been  obtained  from  wa- 
ter works  superintendents  and  sales  engineers 
who  have  had  the  opportunity  of  testing  and 
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watching  the  operations  of  this  system  of 
pumping.  For  general  use  the  above  figures 
have  proven  very  satisfactory. 

It  is  well  to  bear  in  mind,  as  pointed  out 
in  llng'uiecring  and  Contracting  of  March  17, 
1915.  that  the  air  lift  should  not  be  installed 
without  the  advice  of  an  engineer  who  has 
made  a  special  study  of  the  subject,  and  only 
after  he  has  been  given  an  opportunity  to 
make  trials  with  various  lengths  of  air  pipe 
and  various  speeds  of  compressor  operation 
after  the  lift  has  been  installed.  The  latter 
consideration  is  important,  as  by  successive 
adjustments  of  submergence  and  compressor 
speeds  the  most  economical  operating  condi- 
tions may  be  found. — Engineering  and  Con- 
tracting. 


HOW  COMPRESSED  AIR  SAVED  THE 
FLORISTON 

BY    ROBERT    G.     SKERRETT. 

Shortly  after  the  beginning  of  the  war  in 
Europe,  the  steamship  Floriston  sailed  from 
Quebec  under  rush  orders  bound  for  Eng- 
land with  a  cargo  of  hulled  gram.  Officially, 
the  ship  has  a  gross  tonnage  of  3,429  tons  and 
a  net  tonnage  of  2,236  tons.  However,  owing 
to  the  exigencies  of  the  hour,  she  was  actually 
loaded  with  4,000  tons  of  wheat,  which  put 
her  down  considerably  deeper  than  her  Plim- 
soll  mark. 

Just  before  clearing  the  Straits  of  Belle  Isle 
•on  a  dark  night  the  ship  hit  an  iceberg  square- 
ly bow-on  when  running  at  a  speed  of  about 
10  knots.  She  was  so  badly  injured  that  her 
skipper  ran  her  ashore  upon  the  nearest  point 
of  the  coast  of  Newfoundland.  There  for 
several  days  she  pounded  upon  the  rocky  bot- 
tom   and    materially    aggravated    the    damage 


bOlLCD 

eooM 


m 


DONxey 

BOiLEP 


a 


% 


forward.  A  small  steamer,  the  Wren,  came 
to  the  rescue  of  the  Floriston  and  managed 
to  pull  her  off  and  to  tow  her  into  Port  Saund- 
ers— the  nearest  haven.  The  Floriston  came 
to  anchor  in  13  fathoms  of  water,  and  at  the 
time  was  drawing  31  feet  forward  and  22  feet 
4  inches  aft.  After  practically  abandoning 
all  hope  of  saving  her,  recourse  was  had  to 
compressed  air  under  the  supervision  of  Mr. 
W.  W.  Wotherspoon  of  New  York  city,  and 
the  damaged  craft  was  safely  run  under  her 
own  power  some  hundreds  of  miles  to  Que- 
bec. 

It  was  not  until  the  Floriston  reached  Port 
Saunders  that  it  was  possible  to  examine  her 
injuries.  After  the  divers  had  made  two  sur- 
veys, it  was  found  that  the  vessel's  bow  had 
been  very  badly  crumpled  up.  The  accom- 
panying illustrations  clearly  indicate  the  ex- 
tent. The  upper  and  the  lower  forepeak  were 
flooded,  and  so,  too,  were  cargo  space  No.  i 
and  Nos.  i  and  2  ballast  tanks,  while  ballast 
tank  No.  3  was  leaking,  but  could  be  kept  un- 
der control  by  the  ship's  pumps. 

The  Canadian  Salvage  Company  and  the 
Quebec  Wrecking  Company  took  the  ship 
in  hand  and  started  at  once  to  make  her 
ready  for  the  application  of  compressed  air — 
first  removing  about  800  tons  of  grain  from 
the  forward  hold,  where  fermentation  had 
started  and  the  gasing  was  very  noticeable.  Im- 
mediately after  the  installation  of  the  neces- 
sary air  compressors,  ballast  tanks  Nos.  i 
and  2,  and  so  much  of  the  lower  forepeak 
above  the  ruptured  skin  were  placed  under 
pressure  and  "blown,"  together  with  the  up- 
per forepeak,  and  in  this  way  the  vessel's 
bow  was  raised  4  feet,  bringing  her  to  the  26- 
foot   waterlinc. 
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Fig.  \  — A,  Sounding  Pipes  Closed  to  Comparlraenli  Placed  Under  Pressure.  Fi.  Air  F.srapes  Used  for  Connecting  Pressure  Seis  lo  Cora 
parlmenit  Placed  Under  Pre»iure.  C,  Pressure  Sett.  D,  Closing  Cover  for  Trimming  Hatch  E..  Closing  Covers  for  Ventilators  h.  Closing 
Hatch  for  No.  I  Hold.  C,  Shoring  and  Bracing  for  Hatch  Covers.  H,  Strong-backs  Bolted  to  Ship's  Struclur'.  /.  Closing  Covers  for  Hawse 
Pipe».  K,  Qosing  Hatch  for  Air-lock.  L.  Underhung  Escape  Hatch  for  Air-Ioc4c.  N,  Blow-off.  O,  Control  Valves  for  Air  Supply  lo  Com- 
partinenlt.  P,  Steam  .Supply  lo  Compressor.  Q.  ILxllausI  from  Compre$lor.  R.  Air  Compressor  6.  Air  Supply  t''ip'^  lo  (.omp.-ulmcnis 
T,   Manhole  Access  Forepeak 


a).\irKi':ssi';i)  .\iu  .\i.\(,.\/.i.\i' 


■jf/q 
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In  making  the  air  connections,  the  existing 
air  vents  were  used  in  the  drained  compart- 
ments for  conduits,  while  certain  other  air 
vents  were  sealed.  In  this  manner  complete 
■control  of  the  various  spaces  was  secured 
from  a  single  operating  station  on  the  main 
deck.  In  accordance  with  the  Wotherspoon 
system  the  flanking  compartments  or  neigh- 
boring spaces  were  also  put  under  pressure, 
in  order  to  reduce  the  stresses  upon  the  di- 
visional bulkheads  and  the  overlying  decks. 
The  large  hatch  leading  into  cargo  space  No. 
I  was  sealed  by  an  airtight  cover  composed 
of  two  layers  of  planking  with  intervening 
sheets  of  tar  paper.  The  hatch  leading  into 
the  upper  forepeak  was  similarly  sealed,  with 
the  addition  of  an  air-lock  attachment  by 
which  admission  into  the  forepeak  could  be 
secured  when  that  space  and  the  compart- 
ment below  were  under  pressure.  In  order 
to  support  the  deck  immediately  above  the 
forepeak  and  the  cargo  space,  shores  were 
placed  between  it  and  the  main  deck  just 
above.  This  was  a  very  necessar}-  provision, 
because  the  Florisfoi  was  inclined  to  ''hump" 
as  she  forged  ahead  on  her  long  trip  to  Que- 
bec, and  the  intermittent  stresses  would  prob- 
ably have  proved  fatal  but  for  the  stiffening 
secured  by  binding  the  two  decks  together  in 
this    fashion. 


The  entire  work  of  preparing  the  Floriston 
for  her  run  from  Port  Saunders  to  Quebec 
was  finished  in  the  quick  time  of  six  days, 
thanks  to  the  experience  previously  gained  in 
handling  some  other  vessels  in  the  same 
manner,  although  not  so  far  away  from  bases 
of  repair.  The  nature  of  the  steamer's  car- 
go demanded  rapid  action,  and  compressed 
air  was  the  very  best  medium  with  which  to 
battle  with  the  gases  given  off  by  fermentatioxi 
while  furnishing  the  needful  support  to  the 
confining  bulkheads  and  deck  plating.  The 
salvers  were  obliged  to  watch  this  subtle  foe 
at  every  stage  of  the  homeward  journey  and 
to  adjust  the  air  pressure  in  the  surrounding 
compartments    accordingly. 

The  accompanying  diagram  shows  the  man- 
ner in  which  the  salvage  installation  wa.s 
made,  and  it  is  doubtful  that  the  vessel  could 
have  been  saved  by  any  other  method,  con- 
sidering the  cargo  aboard  and  her  remoteness 
from  any  place  for  repairs.  It  was  quite  out 
of  the  question  to  use  cement  on  the  job.  and 
compressed  air  was  logically  the  only  rational 
solution  under  the  circumstances.  The  grav- 
it}'  of  the  Floriston's  wounds  are  quite  maniiest, 
but  because  her  stem  and  forefoot  were  turned 
so  far  back  and  upward,  the  first  diver  re- 
ported rather  moderate  injuries — assuming 
merely  the  rupture  of  the  bottom  plating  and 


7668 


COMPRESSED  AIR  MACAZIXE. 


judging  the  upturned  stem  to  be  the  lower 
edge  of  the  break.  This  long  trip  to  a  repair 
port  emphasizes  the  potential  advantages  of  a 
permanent  compressed  air  self -salving  instal- 
lation aboard  large  ocean-going  vessels.  The 
initial  cost  is  moderate,  and  ships  so  equipped 
would  unquestionably  be  able  to  obtain  better 
insurance  rates  and  shippers  and  owners  feel 
just  that  much  more  secure. — International 
Miiri)ic   liiK/iiii  cri)i(/. 


by  an  electromagnetic  clutch  by  which  ib.e 
crank  shaft  is  stopped  or  started  while  the 
wheel  continues  to  run. 


President  Wilson  has  ordered  the  name  of 
Culebra  Cut  to  be  changed  to  Gaillard  Cut. 
rhis  was  done  in  honor  of  the  late  Colonel 
Gaillard  who  had  charge  of  this  most  dif- 
ficult part  of  the  canal  work. 


A  SINGLE    CYLINDER  ,  TWO-STAGE,  CRANK 
DRIVEN  AIR  COMPRESSOR 

The  cut  here  reproduced  from  the  Journal 
of  the  American  Society  of  Mechanical  Engi- 
neers, shows  the  essential  features  of  a  new 
compressor  built  in  Bavaria.  Germany.  Al- 
though a  two-stage,  ^^ingle  cylinder  is  not  a 
novelty  in  itself,  special  claims  as  to  compact- 
ness and  rigid  stability  may  be  made  for  tlu' 
present   design. 

The  base  of  the  machine  rests  on  a  prepare  1 
foundatif)n  for  its  entire  length  wliich  is  effec- 
tive in  eliminating  vibration.  The  low  ])res- 
sure  cylinder  hood  is  also  a  vahe  chamber, 
containing  both  the  inlet  and  the  dischirge 
valves  for  that  end.  After  the  preliminary 
compression  the  air  passes  through  a  large 
intercooler  and  then  into  the  annular  space 
where  the  second  compression  takes  place.  At 
C  is  shown  the  type  of  \alve  U'>i.'<\,  a  ring  v;il\e 
with   small   lift. 

As  the  compressor  is  assumed  to  be  bell 
driven  the  intake  of  ;iir  is  regulated  by  a  sep- 
arate unloading  device  I)  which  is  automatic- 
ally regulated  by  the  receiver  pressure.  In 
addition  to  this,   further  regulation   is  secured 


A     SINGLK    rVI.IXDKR     TW()-ST.\f;E    COMPKKSSOK. 

WHAT  IS  ATMOSPHERIC  HUMIDITY? 

nV    C.    p.    PEARCE. 


While  talking  at  an  Engineer's  Club,  the 
conversation  happened  to  turn  on  the  subject 
of  humidity.  The  majority  were  of  the  opinion 
that  it  was  moisture  absorbed  by  the  air,  some- 
thing like  a  sponge  absorbing  water;  some 
thought  it  was  an  actual  chemical  combination 
that  took  place  between  the  air  and  water, 
as  oxygen  and  carbon  combine  to  form  car- 
bonic acid  gas.  and  one  was  strongly  of  the 
opinion  that  it  simply  was  minutely  divided 
or  atomized  water  mechanically  suspended  in 
t'le  air.  Not  one  of  them  knew  just  how  to 
fig  re  out  the  weight  of  a  cul)ic  foot  of  sat- 
urated air  at  a  gi\en  temperature,  or  the 
weight  of  the  contained  moisture. 

There  is  nothing  mysterious  about  humidity 
except,  ])erhaps.  its  name,  which  is  derived 
from  a  Latin  word  meaning  "to  be  moist." 
I  liimiflity  is  simjjly  a  way  of  talking  about  a 
mixture  of  air  and  ^team.  Let  us  t  ike  a  lank 
that  holds  just  one  cubic  foot  and  pinnp  out 
'•11  the  air.  We  will  also  assume  that  the  tem- 
perat  're    of    the    ergine    room    where    we    will 
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make  this  cxpc-rimcnt  is  <;()  (k-j4.  I-".,  uliiih  will 
he  the  tc'in])cratiirc  of  the  tank.  Now  let  us 
inject  a  little  water  into  the  tank,  and  of 
course  we  all  know  what  will  hapi)en ; 
enough  of  it  quickly  evaporates  into  steam  until 
the  space  hecomes  saturated  for  the  tempera- 
ture of  90  deg.  F.  We  will  next  draw  out 
all  the  surpl.is  water  and  now  have  a  cul)ic 
foot  of  saturated  steam  at  a  temperature  of  90 
deg.  F.,  and  if  we  had  carefully  weighed  the 
tank  before  and  after,  on  very  sensitive  scales, 
we  co.ild  discover  the  weight  of  the  cubic  foot 
of  steam.  B.it  there  is  no  need  for  us  to 
go  to  all  this  trouble,  as  we  can  hnd  it  all  from 
the  steam  tables  in  our  engineer's  handbooks  ; 
by  looking  up  the  new  Marks  &  Davis  steam 
tables,  we  find  for  a  temperature  of  90.1  deg. 
F.,  which  is  near  enough  for  this  experiment, 
that  a  cubic  foot  of  steam  at  this  tempera- 
ture, weighs  0.002.137  lb.,  and  that  the  pressure 
is  0.698  lb.  per  sq.  in.  absolute.  So  now  we 
know  all  we  want  about  a  cubic  foot  of  steam 
under    these    conditions. 

We  will  next  pump  out  this  stream  and  then 
let  the  tank  till  with  dry  air,  which  we  can 
get  by  letting  the  air  suck  in  through  some 
calcium  chloride ;  this  will  completely  dry  it. 
We  now^  have  a  cubic  foot  of  dry  air  at  90 
<\Qg.  F.,  which  will  weigh  0.072,197  lb.,  as  we 
can  find  from  a  table  of  air  weights ;  or  we 
could  get  it  by  very  accurately  weighing  the 
tank.  The  pressure  we  will  take  as  14.7  lb. 
per  sq.   in. 

Now,  it  is  known  that  the  space  above  a 
liquid  will  always  become  saturated  with  its 
\  apor  until  a  balance  is  established,  whether 
the  space  at  the  beginning  is  a  vacuum,  or  is 
filled  with  a  gas ;  in  other  words,  the  pres- 
ence of  gas  has  no  effect  upon  the  amount  of 
vapor  formed.  Take  water,  for  instance ;  the 
weight  and  pressure  of  the  vapor  for  satu- 
rated steam  formed  over  the  surface  of  the 
water  will  build  up  to  the  same  amount  w'heth- 
er  tliere  is  any  air  present  or  not.  It  seems 
as  if  there  is  plenty  of  room  for  the  steam 
molecules  to  be  present  in  the  air  without  in 
any  way  interfering  with  one  another.  Let 
us  tlien  take  our  tank  containing  one  cubic 
foot  of  air  and  inject  some  water  into  it. 
This  will  evaporate  according  to  the  above- 
mentioned  law  until  the  tank  is  filled  with 
steam  to  the  same  weight  and  pressure  as 
fo'ind    wheu    it    was    tested. 

Strting    from    the    vacuum    this   is   0,002,137 


lb.  at  0.69.S  lb.  per  s(|.  in.  'iaking  out  the 
ur.e\  aporated  water  we  now  have  a  cubic  foot 
space  with  0.002,137  lb.  of  steam  and  0.072,197 
11).  of  air,  a  total  weight  of  0.074,334  lb.,  an.J 
the  i)ressure  inside  will  be  14.7  lb.  absolute, 
due  to  the  air  and  o.f^KjS  lb.  due  ♦o  the  steam, 
■i  total  pressure  of  15.398  lb.  per  sq.  in.  Next, 
we  will  open  the  valve  and  let  enough  of  the 
mixture  escape  t(j  reduce  the  pressure  to  at- 
mospheric, or  14.7  11).  per  sq.  in.  This  wu 
can  easily  ligure,  for  it  will  be  accoriiing  to 
Boyle's    law — 

P,V.=P,V, 
Thus  15.398  lb.  multiplied  by  i  ecjuals  14.7/ X, 

or  X=iXi5-398-M4-7=i0475  cu.  ft. 
and  the  weight  of  one  cubic  foot  will  be  equal 
to 

0.074,334^1.0475=0.070,95   lb., 
which  is  the  weight  of  one  cubic  foot  of  sat 
urated    air     (  100    per    cent,    humidity)     at    90 
deg.    F. 

We  will  now  find  the  weight  of  water  in 
the  cubic  foot  of  saturated  air,  which  is  easy, 
beca.ise  we  know  that  the  original  cubic  foot 
of  steam  weighs  0.002,137  lb.,  and  that,  due 
to  its  pressure  combining  with  that  of  the  air, 
it  expanded  to  1.0475  cu.  ft.  Therefore  the 
weight  of  the  water,  or  rather  steam,  in  the 
cubic  foot  of  saturated  air  is  0.002,  137^1.0475 
=0.002,041  lb.,  and  the  weight  of  the  air  of 
course  is  0.070,95 — 0.002,041=0.068,909  lb. — 
Practical  Engineer. 


PNEUMATIC  TOOLS  BOOST  THE  MONUMENT 
BUSINESS 

The  change  that  has  come  about  in  the  mon- 
ument business  is  tremendous.  Many  years 
ago  when  we  first  adopted  our  compressor 
plants  for  the  retail  monument  dealer  j-ou 
would  not  find  more  than  perhaps  one  man 
out  of  twenty-five  that  had  any  kind  of  equip- 
ment at  all.  This  party  would  perhaps  have  a 
large  shop  where  marble  was  cut  out  of  rough 
and  sometimes  the  plants  were  as  big  as  50 
to  100  H.  P.  and  employed  from  thirty  to  for- 
ty men.  With  the  advent  of  pneumatic  tools, 
making  it  possible  to  cut  granite,  we  found  a 
very  quick  change  coming  over  the  monument 
business.  The  old  style  shops  gradually  were 
pushed  aside  and  we  had  quite  a  demand  for 
power  plants  from  15  to  40  H.  P.  With  the 
low  price  gasoline,  and  the  ease  of  adapting 
them  to  the  monument  man's  conditions  we 
installed  manv  of  these  outfits. 
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A  I. out  seven  years  ago  we  had  occasion  to 
bui-d  several  small  plants  for  cemetery  letter- 
ing. These  outfits  consisted  of  a  plain  2  to 
3  11.  P.  gasoline  engine  connected  by  means  of 
belt  to  a  small  compressor  and  the  entire 
out.'.t  mounted  on  truck.  These  were  made 
at  the  special  request  of  some  of  the  more 
progressive  monument  dealers.  After  putting 
out  a  few  of  these  machines  we  noted  that 
our  customers  were  in  the  habit  of  using  these 
machines  for  shop  work,  sometimes  while  their 
big  plant  was  shut  down  for  repairs  or  during 
the  slack  season.  We  suddenly  realized  that 
there  would  be  a  permanent  demand  for  these 
smaller  outfits  and  not  only  could  these  plants 
be  used  for  cemetery  work  but  it  would  be 
possible  to  have  every  retail  monument  dealer, 
no  matter  how  small  his  shop  might  be,  equip- 
ped with  such  a  machine.  Of  course,  there 
has  always  been  a  certain  amount  of  preju- 
dice to  be  overcome  because  we  used  gaso- 
line on  these  early  equipments.  This  fact 
forced  us  to  make  electric  driven  units  as 
well.  Though  an  electric  outfit  costs  from 
three  to  five  times  as  much  to  operate  still 
they  are  entirely  fool-proof.  Where  they  are 
to  be  used  for  the  shop  only  they  have  been 
successful.  Of  course,  they  cannot  be  used 
ior  cemetery  work.  Neither  can  they  be 
used  in  districts  where  day  current  cannot  be 
obtained. 

Not  only  has  this  small  pneumatic  tool  plant 
I'lade  it  possible  for  the  small  dealers  to  com- 
pete in  the  character  of  their  work  with  the 
bvtler  equipped  larger  shops  but  they  have 
letn  able  to  get  down  in  price,  turn  their 
work  out  quicker  and  in  accordance  with 
their  promises.  They  have  been  able  to  get 
stock  monuments  during  the  dull  season  in- 
stead of  trying  to  live  twelve  months  ofif  of 
the  earnings  of  six  months.  At  the  same  time 
the  mere  hum  of  pneumatic  tools  brought  bus- 
iness to  the  doors  of  our  customers.  The  mere 
fact  that  a  man  has  a  good  set  of  tools  to 
work  with  seems  to  fire  him  with  a  certain 
amount  of  ambition.  He  takes  more  pride 
in  his  work,  he  does  things  more  thoroughly, 
it  wakes  him  up  to  the  possibilites  that  are 
floating  all  around  him.  We  prophesy  that  the 
time  is  coming  when  a  dealer  in  the  monument 
business  will  either  have  to  have  some  good, 
clean-cut  way  of  getting  his  work  out  quick- 
er and  better,  or  he  will  be  forced  to  quit 
the  business. — Henry  N.  Schamm,  in  Granite, 
Marble  and  Bronze. 


ARRANGEMENT   FOR   ACID    WASH. 

ACID  CLEARS  A  WATER  JACKET 

The  cooling  water  for  the  air  cylinder  jack- 
ets of  a  compressor  1834  and  12^4  X  12  in., 
the  water  containing  a  large  amount  of  sul- 
phate of  lime,  had  been  throttled  and  made  to 
flow  so  slowly  that  the  water  was  abnormally 
heated  so  that  it  deposited  inside  the  jacket 
a  hard  scale  that  we  could  not  get  at  to  re- 
move with  tools.  I  used  muriatic  acid  piped 
lo  flow  through  the  jacket  as  shown  in  the 
crude  sketch  herewith.  To  operate,  close  the 
lower  valve  and  fill  the  reservoir  with  acid. 
The  reservoir  should  be  placed  higher  than 
shown  to  give  a  little  head  or  pressure.  Then 
open  the  valve  and  the  acid  will  fill  the  jacket 
and  overflow  into  the  pail.  It  took  ten  gallons 
at  60  cents  per  gallon  to  do  the  job,  using 
it  over  and  over  again  as  long  as  it  had  any 
strength.  It  worked  fine,  disintegrating  the 
scale  and  clearing  the  jacket. — W.  A.  Hendry, 
in  Pozver. 


THE  WESTINGHOrSE  AUTOMATIC  AIR 
BRAKE 

BY     HERBERT     T.     WADE.* 

In  the  year  1890,  with  a  train  weight  of 
280  tons  running  at  a  speed  of  60  miles  per 
hour,  the  energy  to  be  dissipated  was  about 
33.000  foot-tons  and  the  stopping  distance  with 
the  api)lication  of  the  brakes  was  1,000  feet. 
In  the  year  1913,  with  a  train  weight  of  920 
tons,  running  at  this  speed  of  60  miles  per 
hour,  the  energy  dissipated  was  111,000  foot- 
tons,  almost  four  times  greater  than  that  of 
the  train  first  mentioned.  Now,  jf  the  second 
train  was  equipped  with  a  brake  of  the  same 
class  as  that  of  the  former,  the  stopping  dis- 
tance would  be  1,760  feet  and  its  collision  en- 

♦Abstract    from    Scientific    American. 
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ergy  when  it  passed  the  1,000-foot  mark  where 
the  first  train  would  have  stopped  would  still 
be  48,000  foot-tons,  or  one  and  one-half  times 
as  much  as  the  1890  train  had  when  the  brake 
was  applied,  with  still  760  feet  to  run.  With 
the  latest  improvement  in  the  air  brake  s.uch 
a  train  can  now  be  equipped  with  the  new 
brake  apparatus  so  that  it  can  be  stopped  in 
860  feet,  at  which  point  with  the  old  brake 
it  would  have  been  running  at  43  miles  per 
hour  and  with  a  collision  energy  of  57,000 
foot-tons,  or  still  about  twice  that  contained 
in  the  train  of  1890  at  the  beginning  of  the 
stop.  In  fact,  the  energy  that  must  be  dis- 
sipated by  the  air  brake  on  a  modern  train 
with   modern   speeds   of   travel   has   increased 


locomotive,  weighing  nearly  1,000  tons  and 
about  1,000  feet  in  length. 

The  locomotive  and  cars  are  fitted  with  the 
new  mechanism,  which,  in  its  most  improved 
form,  aside  from  the  principle  of  operation 
concerned,  involved  also  the  use  of  two  shoes 
per  wheel  as  higher  retarding  forces  could  be 
developed  than  were  possible  with  a  shoe  on 
only  one  side  of  the  wheel,  on  account  of  the 
limits  of  excessive  piston  travel,  of  brake  shoe 
wear  and  distortion  producing  variable  re- 
sults of  unequalized  strains  in  brake,  and  of 
journal   troubles. 

In  the  improvement  and  perfection  of  the 
been  added  until  to-day  the  mechanism,  while 
increasingly  efifective,  is  of  considerable  com- 
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LAYOUT     OF     AUTOMATIC     AIR     BRAKE. 


eighty-fold  since  the  original  invention  of  the 
air  brake. 

The  important  advantages  that  now  figure  in 
the  Pennsylvania  equipment  were  secured  by 
improvements  both  in  the  effectiveness  of  the 
brake  as  a  whole,  as  well  as  in  detail.  By  the 
brake  is  meant  not  only  the  triple  valve  fun- 
damental to  the  Westinghouse  air  brake,  but 
the  entire  mechanical  organization  and  assem- 
bly of  the  various  elements.  Improvements 
were  made  in  the  efficiency  of  the  braking 
system  as  a  whole,  and  also  in  the  automatic 
and  manual  control  of  the  brake  operated,  this 
function,  naturally,  being  rendered  more  dif- 
ficult by  the  increasing  lengths  of  trains.  But 
before  any  such  innovation  could  be  made  on 
a  large  scale  it  was  necessary  that  it  should 
receive  a  complete  and  thorough  test  under 
actual  working  conditions.  This  was  done  on 
the  Pennsylvania  Railroad,  employing  a  train 
air  brake  many  elements  successively  have 
of  twelve  steel  passenger  cars  and  a  modern 


plexity.  For  example,  with  long  trains  with 
the  older  systems  there  would  be  delay  in 
the  application  of  brakes  at  the  rear,  and  there 
would  be  unevenness  and  shock  in  stopping. 
Due  to  the  delay  incident  in  the  mechanical 
operation  of  the  system  the  stopping  distance 
at  high  speeds  and  with  heavy  loads  and  long 
trains  could  not  hitherto  be  reduced  as  was 
desired  in  the  interest  of  safe  and  effective 
operation.  The  new  sj'stem  secures  immediate 
action  at  each  triple  valve  by  substituting 
therefor  a  universal  control  valve,  where  not 
only  are  all  the  essential  features  of  the  air  con- 
trol included,  but  also  there  is  incorporated 
an  electric  system  whereby  the  braking 
mechanism  at  the  rear  end  of  a  long  train,  or 
at  an}'  car,  in  fact,  does  not  have  to  wait  an 
appreciable  amount  of  time  for  the  differ- 
ence in  pressure  to  be  realized,  but  the  valves 
are  opened  or  closed  bj'  local  electro-magnets 
energized  from  a  battery  circuit  in  each  car. 
The     electro-pneumatic     equipment     is     ar- 
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ranged  so  that  when  operated  eletcrically  the 
service  application  of  the  hrakes  is  actuated 
ly  a  reduction  in  brake  pipe  pressure  as  when 
operated  pneumatically.  The  electric  effect 
is  the  same  as  the  pneumatic  effect  and  the 
electric  valves  operate  the  pneumatic  valves 
in  similar  fashion,  only  the  response  is  made 
immediately — the  electro-magnetic  valves  re- 
sponding more  prompth'.  The  release  mag- 
nets are  controlled  by  the  brake  valve  handle 
in  either  release  or  holding  position,  and  with 
an  electro-pneumatic  emergency  application  the 
emergency  magnets  on  all  cars  simultaneously 
and  instantaneously  energize  and  open  their 
respective  emergency  magnet  valves,  which,  in 
turn,  cause  the  quick  action  parts  of  each 
universal  valve  to  operate  and  produce  an 
emergency  application  of  the  brakes.  If  the 
hose  bursts  or  a  conductor's  valve,  familiarly 
.-.een  in  a  passenger  car.  is  opened,  the  first 
universal  valve  to  be  affected  by  the  resulting 
drop  in  brake  pipe  pressure  will  operate  pneu- 
matically and  close  its  emergency  switch  so 
that  the  emergency  magnet  circuit  throughout 
the  train  is  energized  and  an  electric  emer- 
gency   application    on    all    brakes    obtained. 

The  new  system,  which  at  first  examination 
is  quite  complicated,  both  b}^  its  arrangement 
of  electric  connections  and  the  arrangement 
of  valves  and  magnets,  secures  now  the  ap- 
plication of  the  air  brakes  more  quickly,  also 
giving  increased  emergency  stopping  power, 
and  enables  the  use  of  a  higher  pressure 
which  may  be  held  without  diminution  to- 
ward the  end  of  a  stop,  while  at  the  same  time 
a  m(;re  efficient  design  and  better  installation 
of  foundation  brake  rigging  has  been  adopted 
so  that  both  the  application  and  release  of  the 
brakes  is  more  positive  and  reliable  in  all  its 
operations.  The  new  .system,  as  stated,  em- 
ploys two  shoes  per  wheel,  which  is  known  as 
the  "clasp  brake,"  and  it  is  arranged  to  oi)er- 
ate  so  that  the  time  of  obtaining  the  maximum 
emergency  brake  cylinder  pressure  on  the 
train  as  a  whole,  according  to  the  official 
tests,  was  shortened  from  eight  seconds  with 
the  best  previous  equipment  to  3.3  seconds  with 
the  improved  ai)i)aratus ;  and  when  the  elec- 
tric control,  which  was  a  further  feature  of 
the  new  system,  was  used,  this  could  be  di- 
minished to  2.2^  seconds.  The  electric  system 
is  controlled  from  the  engineer's  valve  with- 
out extra  levers  or  switches,  the  electrical 
mechanism  being  connected  with  the  simple 
control     valve,     the    circuits     being    arranged 


within.  The  system  also  works  automatically 
in  case  of  any  failure  along  the  line,  and  there 
results  a  simultaneous  application  of  just  as 
great  retarding  force  with  the  elimination  of 
ajl  violent  slack  action  and  shock. 

With  the  uni\ersal  control  a  train  of  twelve 
steel  cars  and  locomotive  with  the  electro- 
pneumatic  brake,  150  per  cent,  braking  power, 
clasp  brake  rigging,  unfianged  brake  shoes,  can 
be  stopped  : 

bVom  30  miles  per  hour  in200  feet  equivalent 
to  an  average  retarding  force  of  300  pounds 
per  ton. 

I^'rom  60  miles,  per  hour  in  i,00D  feet  equiv- 
alent to  an  average  retarding  force  of  240 
pounds   per   ton. 

l'>om  (So  miles  per  hour  in  2,000  feet  equiv- 
alent to  an  average  retarding  force  of  214 
pounds  per  ton. 

It  would  seem,  therefore,  that  here  we  have 
an  important  step  forward  toward  increase 
of  safety,  and  that  increased  speeds  may  be 
used  with  proper  safety,  while  greater  density 
of  traffic  can  be  permitted  under  good  condi- 
tions of  operating  that  will  give  increased  re- 
turns. 


AIR-LIFT  NOMENCLATURE 

Standard  terms  used  in  air-lift  pumping  are 
as  follows:  (i)  Static  head:  normal  water- 
level  when  not  pumping,  measured  from  sur- 
face or  top  of  well  casing.  (2)  Drop:  point 
to  which  the  water-level  drops  below  the  static 
head  while  being  pumped.  (3)  Pumping  head: 
level  of  water  when  pumping  as  comi)ared  to 
ground  surface  or  top  of  well-casing.  Static 
head  -|-  drop  =  pumping  head.  (4)  Elevation  ; 
point  above  the  ground  surface  or  tap  of  well- 
casing  to  which  water  is  raised.  (5)  Total 
lift:  distance  water  is  elevated,  from  level 
when  pumping,  to  point  of  discharge,  at  an  el- 
evation, and  includes  :  elevation  -\-  static  head 
-f  drop  =  total  lift.  (6)  Lift:  distance  the 
Vv'ater  is  elevated  from  level  when  pumping 
to  point  of  discharge  at  surface,  and  in- 
cludes: static  head  -|-  drop  =  lift  (or  pump- 
ing head).  (7)  Submergence:  distance  below 
the  i)umi)ing  head  at  which  the  air  is 
discharged  into  the  water.  (<S)  loa  per 
cent.  :  the  vertical  distance  the  air  travels  with 
the  water  from  i)oint  introduced  to  point  dis- 
charged, and  includes:  total  lift  or  lift  -f  sul)- 
mergence  =  100  per  cent.  (9)  Starting  sub- 
mergence :  distance  below  static  head  at  which 
the  air  i)icks  up  the  water. 
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THL  EXPLOSIVE  AGE 

\\h\  should  ni)t  the  present  be  called  the 
age  of  cxi)losives.  or,  jjcrhaps  still  hetter,  the 
explosive  age?  'I  here  would  seem  to  he  no 
other  characterization  so  applicable.  The  pres- 
ent world  wide  war.  for  instance,  which  is  the 
all  engrossing  fact  of  the  time,  came  upon  us 
willi  t'le  suddenness  and  the  destructive  force 
of  a  terrific  explosif)n.  and  in  the  successive 
war  oi)cratif)ns  in  detail  explosives  are  all  in 
all.  'I  here  is  practically  no  more  face  to  face 
cutting  and  thrusting.  The  sword  is  obsolete. 
even  the  bayonet  is  obsolescent,  and  the  spec- 
tacular battle-axe  is  forgotten,  so  that  when  the 
time  shall  come  for  the  war  to  cease  it  is  not 
easy  to  see  how  the  swords  and  the  spears 
shall  1:e  turned  into  plowshares  and  pruning 
hooks,  since  the  ancient  weapons  of  war  are 
now  conspicuous  by  their  absence  from  th'- 
bloody  field,  and  it  would  be  absurd  to  try  to 
continue  their  vogue. 

It  is  a  war  of  projectiles,  and  not  satisfied 
with  the  initial  explosion  by  which  the  pro- 
jectile is  sent  on  its  long  flight  for  destruction. 
it  is  now  normal  practice  to  have  a  supplemen- 
tary explosion  after  the  shot  is  thrown,  and  so 
all  the  contestants  are  crying  for  shrapnel. 
Then,  too,  the  horse  for  the  transportation  of 
munitions  and  supplies  is  superseded  by  the 
explosive  driven  motor  wagon,  and  explosives, 
too,  arc  the  one  essential  element  of  the  Zep- 
pelin, the  aeroplane  and  the  submarine.  How 
suddenl\-  modern  wars  would  end  if  explosives 
ceased  to  explode. 

However,  there  is  nothing  essentially  devil- 
ish in  explosives  as  such.  They  are  quite  as 
rcadv  to  work,  and  will  work  quite  as  efficient- 
h'  in  the  interests  of  peace  as  of  war.  Not  only 
are  the  dynamites  and  explosives  of  the  fiercer 
t3'pe  our  most  efficient  agents  in  the  mining 
of  our  mineral  wealth,  but  what  we  may  call 
the  tuilder  explosives  are  coming  to  be  our 
most  economical  sources  of  ptnver  in  all  the  in- 
dustries. 

Soon  will  be  coming  along  the  season  of 
county  and  state  agricultural  fairs  :  and  in  the 
exhibits  there  to  be  seen,  nothing  perhaps  is 
more  striking  than  the  completeness  with 
which  the  explosive  engine,  the  gasoline  mo- 
tor, has  superseded  the  steatu  engine.  The 
Humphrey  pump  and  the  Deisel  engine  are  be- 
ginning to  show  the  applicability  of  the  ex- 
plosive motor  to  the  largest  power  units,  and 
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the  latter  is  directly  indebted  to  Compressed 
Air  for  its  success. 


HEATING  VALUE  OF   COMPRESSOR  JACKET 
WAIER 

Can  a  mixture  of  air  and  water  be  com- 
pressed in  a  cylinder  so  the  heat  of  compres- 
sion will  convert  the  water  into  steam,  the 
water  entering  the  cylinder  in  the  form  of 
spray  or  vapor  and  at  a  temperature  of  200 
deg.,  the  air  being  at  the  same  temperature? 
If  this  can  be  done,  what  are  the  conditions 
necessary   to   bring  about  this   operation? 

D.  F. 

A.  Although  in  the  act  of  compression  the 
temperature  of  air  rises  high,  the  actual  heat 
units  represented  are  very  few  and  would 
have  no  practical  vaporizing  effect  upon  even 
small  quantities  of  water.  Water  jacketing  is 
necessary  for  air  compressor  cylinders  to 
keep  their  temperature  down ;  but  it  is  sur- 
prising to  note  how  slowly  the  water  is 
warmed — it  would  be  scarcely  proper  to  say 
heated.  At  the  high  speeds  at  which  compres- 
sors are  now  ordinarily  run,  compressing  by 
single-stage  up  to  say  60  lb.,  or  by  2-stage 
to  100  lb.,  the  temperature  of  the  jacket  water, 
when  flowing  quite  leisurely  through,  hardly 
rises  above  blood  heat. 

It  is  a  curious  fact  that  a  proposition  just 
the  reverse  of  this  has  been  a  standing  chal- 
lenge to  engineers  for  more  than  half  a  cen- 
tury. The  "Cloud"  engine,  and  many  other 
contrivances,  have  proposed  to  get  a  cheap 
accession  of  power  by  injecting  a  considerable 
charge  of  air  into  a  steam  cylinder  at  each 
stroke  and  then  letting  the  heat  of  the  steam 
increase  the  volume  and  the  pov^^er  value  of 
the  air.  Something  may  be  said  for  this  as 
to  its  thcf^rctical  fca.sibility,  but  nothing  of 
practical  ancl  permanent  value  has  ever  de- 
veloped from  it. — /•'rank  Richards  in  Practical 
Iln<iinccr. 


NEW   BOOKS 

The  Model  T  VovA  Car.  its  Construction. 
Operation  and  Repairs.  By  Victor  W.  Page, 
Norman  W.  Flenley  Publishing  Company,  New 
York.  288  pages,  y]^  by  5  inches,  nearly  100 
illustrations.     Price,  $1. 

When  it  is  understood  that  there  are  con- 
siderably more  than  half  a  -million  Ford  cars 
in  service,  the  field  of  usefulness  for  such  a 
book  as  this  must  be  immense.     Tt  is  written 


by  an  expert  and  treats  the  subject  in  a  thor- 
ough and  exhaustive  way.  Much  of  the  infor- 
mation and  instruction  embodied  should  be 
course  be  serviceable  to  operators  of  other 
machines,  although  no  such  claim  is  made. 

Measurement  of  Gases  where  Density 
Changes,  compiled  by  Henry  P.  Westcott,  Me- 
tric Metal  Works,  Erie,  Pa.  60  pages,  7->4 
by  3)4  inches.     Price,  50  cents. 

The  book  consists  entirely  (after  a  prelim- 
inary explanation)  of  tables  of  multipliers  to 
be  used  in  connection  with  meter  readings  of 
the  flow  of  natural  gas  at  different  pressures. 
There  are  twelve  tables  covering  pressures 
ranging  from  a  vacuum  of  25  inches  of  mer- 
cury to  3  lb.  above  atmosphere. 


AUTOMATIC   A1R=PILL0W    INSTRUCTION 

The  bathing  beach  proved  attractive  to  the 
children  and  while  they  possessed  the  ambi- 
tion to  learn  to  swim  they  were  also  pos- 
sessed by  a  fear  of  the  water.  The  knowledge 
that  the  human  body  is  not  much,  if  any, 
heavier  than  water  when  the  lungs  are  nor- 
mally inflated  with  air  did  not  seem  to  in- 
spire sufficient  confidence  to  lead  them  to 
make  the  plunge.  Finally  an  air  pillow  was 
l)rocured,  properly  inflated  and  adjusted  to 
one  of  the  girls,  and  with  the  confidence  thus 
inspired  a  successful  effort  was  made  at  swim- 
ming. Unbeknown  to  the  swimmer  a  pin  hole 
was  made  in  the  air  pillow  and  the  air  soon 
escaped  but  confidence  took  the  place  of  the 
air.  The  weight  of  imaginary  fear  was  be- 
ing carried  by  an  imaginary  air  pillow  and 
utterly  unconscious  of  the  true  situation  that 
girl  was  experiencing  the  thrills  of  a  new 
sensation  and  when  her  attention  was  called 
to  the  fact  that  there  was  no  longer  any  air 
in  the  ])illow  it  did  not  take  her  long  to  make 
ui)  her  mind  that  she  could  swim  without  its 
aid.  We  all  need  air  pillows  at  times  in  our 
lives  to  help  us  over  unknown  paths  and  the 
community  needs  air  pillows  to  help  it  solve 
the  road  i)rol)lems  confronting  it.— From  a 
speech  hy  I.  H.  Clarkson,  as  reported  in  The 
Road  Maker. 


The  United  States  is  now  producing  more 
than  two-thirds  of  the  world's  petroleum,  and 
there  is  a  likelihood  that  the  proportion  will 
be  increased.  The  country's  oil  production  is 
valued  at  one-third  that  of  all  the  metals- 
mined. 
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ECONOMY    OF  COLD  INTAKE  AIR  FOR 
COMPRESSORS 

\;\   K.   s.   ltA^  AKi). 

It  has  nftcn  l)ecn  observed  that  the  output 
of  an  air  conii)ressor  is  greater  i:i  winter  than 
in  summer ;  that  is,  it  seems  that  a  machine 
which  has  had  to  "hustle"  to  furnish  air  in 
summer,  may  be  able  to  maintain  the  required 
pressure  at  a  reduced  speed  during  the  win- 
ter. The  reason  for  this  is  often  asked,  so 
an   explanation   will   be   of   interest. 

This  difference  can  be  observed  only  when 
the  compressor  takes  its  air  through  a  duct 
leading  from  the  outside  air,  because  it  is  due 
to  the  effect  of  the  difference  of  air  tempera- 
ture between  the  compressor  intake  and  the 
place  where  the  air  is  used  or  conveyed 
through. 

Imagine  a  cylinder  having  a  perfectly  tight 
piston  held,  we  will  say  at  midstroke,  and  the 
half-cylinder  full  of  air  at  atmospheric  pres- 
sure and  at  a  temperature  of  60  deg.  F.  The 
.atmospheric  pressure  is,  with  30-in.  barometer, 
100  deg.  F.  This  14.7  lb.  per  sq.  in.  With  the 
piston  held  rigidly  and  leak-tight,  assume  that 
we  can  heat  the  cylinder  so  that  the  air  inside 
will  become  100  deg.  F.  This  will  cause  the 
air  to  expand  and  try  to  occupy  more  space, 
but  if  the  piston  will  not  move  the  air  can- 
not expand,  so  it  will  increase  in  pressure. 
Mathematically,  the  pressure  produced  in  this 
•way  will  be 

100  +  460  560 

14.7  X =  14-7  X  —  =  15-84  lb. 

60  -|-  460  520 

That  is,  the  new  pressure,  absolute,  will  be 
(equal  to  the  first  pressure,  absolute,  multiplied 
l^y  the  ratio  of  the  absolute  temperatures 
(The  absolute  temperature  is  found  by  adding 
460  to  the  Fahrenheit  temperature,  as  done 
above). 

If  in  the  cylinder  w^e  are  considering,  the 
piston  is  allowed  to  move  as  the  air  expands, 
and  if  it  has  no  friction,  so  that  the  air 
pressure  does  not  increase,  the  final  volume 
will  be  larger  than  the  original  volume  in  the 
ratio  of  the  absolute  temperatures.  If  the 
original  volume  was,  say  10  cu.  ft.,  the  final 
volume  after  the  piston  has  moved  due  to  the 
increase  of  air  temperature  will  be : 
100  -f-  460  560 

10  X =  10  X  —  =  10.77 

60  +  460  520 


At  tile  u^ual  room  irtnpcraturc  <  about  60 
deg..  or  320  absolute)  the  increase  of  volume 
is,  roughly,  i  per  cent,  for  every  5  deg.  F. 
increase  of   temperature. 

Let  us  see  how  the  foregoing  applies  to  a 
compressor  plant.  Irrespective  of  the  out- 
side temperature,  the  air  in  the  shop  pipe 
lines  will  be  nearly  at  the  temperature  of  the 
room  by  the  time  it  reaches  the  tool.  Sup- 
pose that  in  winter  this  temperature  averages 
68  deg.  F..  and  that  the  air  finally  reaches  the 
tool  at  this  temperature.  If  the  compressor 
takes  in  i.ooo  cu.  ft.  of  free  air  (air  at  at- 
mospheric temperature  and  pressure)  directly 
from  the  room,  it  will  also  deliver  1,000  cu 
ft.  of  free  air  at  the  tool,  because  the  final 
temperature  is  the  same  as  tha^.  at  which 
it  entered  the  compressor. 

In  summer  the  same  conditions  apply  as 
long  as  the  compressor  takes  its  air  from 
the  same  room  in  which  the  compressed  air 
is  used:  but  if  the  compressor  is  provided 
with  an  intake  duct  leading  from  the  out- 
side air  the  results  will  be  quite  different. 
First,  consider  the  winter  condition.  Sup- 
pose the  shop  temperature  averages  68  deg., 
and  the  outside  air  3c  deg.  F.  If  the  air  is 
used  at  68  deg.  its  volume  will  be  consider- 
ably larger  than  the  volume  taken  into  the 
compressor  from  the  outside  air  at  30  deg. 
If  it  requires  1,000  cu.  ft.  of  free  air  per  min- 
ute at  shop  temperature  to  run  the  tools,  the 
compressor  will  have  to  take  in  only 
30  —  460  490 

1000  X =  1000 =  929 

68  -f  460  528 

which  is  a  saving  of  over  7  per  cent,  in  air 
capacity,  speed  and  horsepower.  In  summer, 
when  the  outside  temperature  is  practically 
the  same  as  the  temperature  indoors,  there 
would  be  no  saving  by  using  the  intake  duct, 
except,  as  is  often  the  case,  when  the  com- 
pressor takes  its  air  supply  directly  from  the 
hot  engine  room.  Thus,  it  is  seen  that  the 
compressor  would  run  at  a  speed  about  7  per 
cent,  lower  in  winter  than  in  summer.  The 
colder  the  climate,  the  more  pronounced  this 
effect   would  become. 

An  actual  case  where  the  application  of  an 
intake  duct  to  a  compressor  represented  an 
appreciable  saving  recently  came  to  the 
writer's  attention.  An  air  compressor  fur- 
nishing an  average  of  2.500  cu.  ft.  of  free  air 
per  minute  to  a  machine  shop  took  its  supply 
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from  the  basement  of  the  engine  room,  where 
all  the  year  round  the  air,  heated  by  a  net- 
work of  steam  pipes,  averaged  95  deg.  F., 
while  the  shop  averaged  70  deg.  F.  During 
the  winter  months  the  outside  air  averaged  s^ 
deg.  F.,  and  in  summer  70  deg. 

Based  upon  the  average  consumption  of 
2,500  cu.  ft.  per  min.  for  10  hr.  a  day,  the 
air  used  amounted  to  an  average  of 

2500  X  60  X  10  =  1,500,000  cii.  ft. 
per  day  at  the  shop  end. 

As  the  compressor-intake  temperature  aver- 
aged 95  deg.  F.,  the  compressor  was  obliged 
to  run  fast  enough  to  take  in 

95  +  460  555 

1,500,000  X =  1,500.000  X  — 

70  +460  530 

=  1,570,500  cu.  ft. 

of  engine-room  air  per  day. 

The  cost  of  compressed  air  in  this  plant  was 
found  to  be  2.8c.  per  1,000  cu.  ft.  of  free  air 
at  the  compressor.     Thus  the  cost  of  furnish- 
ing air  to  the  shop  was 
1,570,500 

X  0.028  =  $43.97  per  day 

1000 

By  putting  in  an  intake  duct  and  furnishing 
air  to  the  compressor  at  30  deg.  F.  in  winter, 
the  compressor  could  have  run  slower  and 
would  have  had  to  take  in  only 

30  -\-  460  49P 

1,500,000  X =  1,500,000  X  — 

70  -f  460  530 

=  1,387,000  cu.  ft.  per  day 

At  a  cost  of   2.8c.  per   1,000  cu.   ft.  at  the 
compressor  intake,  the  average  cost  of  air  for 
the  plant  during  winter  would  then  be 
1,387,000 

. X  0.028  =  $38.84  per  day 

1000 

During  the  summer,  when  the  outside  and 
inside  temperatures  both  averaged  70  deg.  F., 
the  compressor  would  take  in  only  the  amount 
used  in  the  shop,  or  1,500,000  cu.  ft.,  which  at 
the  cost  of  2.8c.  per  1,000  cu.  ft.  at  compres- 
sor intake  would  be 
1,500,000 

X  0.028  =  $42  per  day 

1000 

With  the  intake  duct  in  use  we  then  have 
a  daily  cost  for  air  of  $38.84  for  winter  and 
$42  for  summer.  The  average  for  the  year 
may  then  be  taken  at  $40.42  per  day,  as  against 


$43.96   with   the   compressor   taking  air   from 
the    engine-room    basement. 

During  a  working  year  of  300  days,  the  an- 
nual cost  for  air  would  then  compare : 

Without  intake  duct $43.96  X  300  =  $13,188 

With  intake  duct 40.42  X  300  =    12,126 


Giving  a  net  saving  with  the  duct  of.  $1,062 
Capitalized  at, 10  per  cent,  this  would  justify 
installing  an  intake  duct  costing  $10,620.  As 
this  figure  approaches  more  nearly  the  cost  of 
the  compressor  than  it  does  the  cost  of  the 
duct,   the   conclusion   is  obvious. 

Incidentally,  the  saving  of  $1,062  per  year 
amounts  to  more  than  8  per  cent,  of  the  yearly 
cost  for  air.  It  certainly  looks  worth  while 
to  install  an  air-intake  duct  under  such  con- 
ditions.— Power. 


EXPLOSION-PROOF  ELECTRIC  MOTORS 

Among  its  investigations  dealing  with  the 
means  of  lessening  such  dangers  as  attend 
the  use  of  electricity  in  the  mining  industries, 
the  Bureau  of  Mines  has  undertaken  one  that 
has  for  its  purpose  the  establishment  of  per- 
missible explosion-proof  motors  for  use  in 
places  where  an  electric  spark  or  flash  might 
ignite  inflammable  gases  or  dusts. 

Technical  Paper  loi,  "Permissible  Explo- 
sion-Proof Electric  Motors  for  Mines;  Con- 
ditions and  Requirements  for  Tests  and 
Approval,"  which  has  just  been  issued, 
mentions  the  details  of  construction  that 
the  bureau  considers  essential  for  satis- 
factory service  and  describes  tests  of  an 
explosion-proof  mining-machine  motor  and 
accessories  approved  by  the  bureau.  The 
author  of  this  paper  is  H.  H.  Clark,  electrical 
engineer. 

The  Bureau  of  Mines  has  applied  the  term 
'Explosion  proof"  to  motors  constructed  so 
as  to  prevent  the  ignition  of  gas  surrounding 
the  motor  by  any  sparks,  flashes,  or  explo- 
sions of  gas  or  of  gas  and  coal  dust  that  may 
occur  within  the  motor  casing. 

Before  it  undertook  to  establisli  a  list  of 
permissible  motors  the  bureau  made  a  large 
number  of  preliminary  tests.  No  motors  were 
approved  as  a  result  of  this  preliminary  in- 
vestigation, for  none  of  the  motors  tested  was 
considered  to  possess  the  characteristics  of 
permissibility.  As  a  direct  result  of  these  pre- 
liminary tests,  however,  the  bureau  decided  to 
make   tests  to   establish   a   list  of   permissible 
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explosion-proof  motors,  and  issued  its  Sched- 
ule 2,  "Fees  for  Testing  lixplosion-Proof  Mo- 
tors." This  schedule  gave  the  general  condi- 
tions under  which  motors  could  be  submitted 
for  test  and  the  fees  to  be  charged  for  making 
such  tests.  Technical  Paper  10 1  sets  forth 
more  fully  than  Schedule  2,  the  details  that 
the  bureau  considers  essential  to  satisfactory 
explosion-proof    motor    construction. 

The  paper  gives  the  requirements  for  ap- 
proval of  motors,  outlines  the  nature  of  the 
approval  of  the  bureau  and  describes  the  ap- 
proval of  an  explosion-proof  coal-cutting 
equipment. 


ler'  line.  I  hey  present  high  speeds,  give 
high  compression  efficiency,  are  almost  silent 
in  opcr.itifjii  aiid  require  no  operating  mechan- 
ism. 

Before  adopting  the  "Ingersoll-Rogler"  Valve 
a  tliorongh  test  was  conducted  to  determine 
the  life  of  this  type  of  valve.  This  test  con- 
sisted in  running  a  12"  stroke  compressor  at 
400  revolutions  per  minute  continuously  over  a 
period  of  one  year,  during  which  time  no 
valves  were  broken  nor  any  adjustments  re- 
quired, and  in  the  two  years  since  that  in 
\vhich  this  type  of  valve  has  been  on  the  mar- 
ket practically  no  breakage  has  resulted. 


AN     UP-TO-DATE 

A  SMALL  AIR  COMPRESSOR  OF  HIGH 
EFFICIENCY 

The  constant  demand  for  higher  efficiency 
and  greater  economy,  and  the  increasing  ten- 
dency towards  the  use  of  higher  steam  pres- 
sures, has  led  to  the  development  by  the  In- 
gersoll-Rand  Company  of  the  small  steam 
driven  high  speed  air  compressor  illustrated 
above. 

This  machine  is  designed  along  the  same  lines 
as  the  company's  former  small  steam  driven 
type,  but  embodies  many  improvements  which 
give  it  a  higher  efficiency  in  the  air  end  and  a 
considerably   lower    steam    consumption. 

These  improvements  are : 

"Ingersoll-Rogler"  Air  Valves.  These 
valves  are  now^  standard  on  the  company's  ex- 
tensive line  of  steam,  power  and  electric  driv- 
en compressors  known  as  the  "IngersoU-Rog- 


AIR    COMPRESSOR. 

Balanced  Piston  Steam  Valves.  This  type 
of  steam  valve  also  was  adopted  after  exten- 
sive research.  It  is  designed  after  the  most 
successful  European  practice,  permits  of  higher 
speeds,  high  steam  pressures  and  the  use  of 
superheated  steam,  at  the  same  time  giving  a 
higher  efficiency  under  ordinary  low  pressure 
steam  conditions. 

Automatic  Cut-ofT  Control.  Giving  the  high- 
est possible  steam  economy  under  conditions 
of  varying  load  or  varying  steam  pressures. 
This  control  is  regulated  by  a  centrifugal  fly 
wheel  governor  which  operates  to  shorten  or 
lengthen  the  stroke  of  the  piston  valve,  thus 
changing  the  cut-oflF. 

Automatic  Splash  Lubrication,  by  means  of 
which  all  wearing  parts  are  copiously  and 
continuously  oiled. 

Enclosed  Construction  and  Removable  Cov- 
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crs.    make    fur    cleanliness    with    great    acces- 
sibility. 

The  automatic  cnt-off  control  is  supplement- 
ed by  an  air  unloader,  assuring  great  economy 
while  possessing  a  high  degree  of  automatism, 
wliich  is  essential  in  a  small  compressor  de- 
signed for  severe  duty,  and  generally  subject 
to  considerable  neglect. 


NOTES 

California  has  no  reservoirs  for  hydroelec- 
tric purposes,  with  storage  capacity  of  235,- 
780,000,000   gallons. 

Current  at  a  pressure  of  150,000  volts  is  car- 
ried on   some   western   transmission  lines. 


Magnesium  is  used  in  the  manufacture  of 
sound  copper  castings  because  of  its  ability 
to  decompose  the  gases  formed  by  the  cop- 
per in  melting.  The  principal  gas  thus  formed, 
carbon  monoxide,  is  attacked  by  the  magne- 
sium, forming  the  two  solids,  carbon  and  mag- 
nesium oxide.  By  the  use  of  magnesium, 
therefore,  in  small  amounts,  the  production 
of   blowholes   in   the  casting  is   eliminated. 


Popular  Mechanics  states — without  any 
when  or  where,  as  is  its  practice — that  a  live 
gold  fish  was  placed  in  a  tumbler  of  liquid 
air,  where  of  course  it  was  instantly  frozen 
solid,  and  that  afterwards  it  was  placed  in  a 
glass  of  water  when  "after  a  few  seconds  the 
fish  showed  indications  of  life  and  shortly 
commenced  swimming  around  as  lively  as  if 
nothing   had   happened." 


With  sixty  million  barrels  of  crude  petro- 
leum "above-ground" — stocks-on-hand,  Cali- 
fornia oil  producers  offer  a  guarantee  to  man- 
ufacturers, hotel  proprietors  and  steamship 
owners  that  they  need  have  no  fear  of  an  oil 
shortage,  but  can  install  oil-burners  at  once. 
Tn  addition,  many  wells  in  the  State  are 
"capped,"  awaiting  better  market  conditions 
before  being  again  added  to  the  list  of  pro- 
ducers. 


The  third  annual  joint  field  meet  of  the  U. 
S.  Bureau  of  Mines,  the  .-Kmerican  Mine  Safe- 
ty Association  and  the  California  Metal  Pro- 
■ducer's  Association  will  be  held  at  the  Pan- 
ama-Pacific Exposition,  September  23  and  24. 
Tt    is    expected    there    will    be   a    large   attend- 


ance of  mining  men.  a.>>  the  joint  meet  will  pre- 
cede or  follow  the  annual  meetings  of  a  num- 
ber of  institution >  allied  to  the  mining  in- 
terests. 


Recent  tests  show  that  the  average  candle- 
power  hours  obtainable  from  tallow  or  wax 
candles  for  one  ceiu  are  2.68.  With  a  good 
tungsten  filament  lamp  120  candle  power  hours 
may  be  procured  for  the  same  sum,  and  with 
a  gas  filled  tungsten  192.3  candle  power  hours 
are  assured. 


The  discovery  of  oxygen  is  generally  cred- 
ited to  Dr.  Joseph  Priestly,  an  English  clergy- 
man and  scientist.  The  date,  August  i,  1774, 
is  commemorated  as  the  birthday  of  modern 
chemistry.  At  about  the  same  time  two  oth- 
ers made  the  same  discovery :  Scheel,  a  Swed- 
ish apoethecary,  who  called  it  "fire  air;"  and 
Lavoisier,  a  French  chemist,  who  called  it  oxy- 
gen, meaning  "acid  former."  To  Lavoisier  is 
due  the  credit  for  the  true  explanation  of 
combustion. 


Under  the  trade  name  "Flexoid,"  heavy 
coated  canvas  tubing  is  being  put  out  by  the 
Bemis  Bros.  Bag  Co.,  of  St.  Louis,  for  car- 
rying air  into  tunnels  and  shafts  or  taking 
off  fumes,  etc.  It  is  put  up  in  10-  to  24-in. 
diameters  and  100-  to  500-ft.  sections ;  a  man 
can  carry  loo-ft.  on  his  shoulder.  The  can- 
vas from  which  these  tubes  are  made  appears 
to  be  rendered  air-tight  and  waterproof  by  a 
rubber  coating  applied  to  one  side  and  forced 
partly  through  the  fabric. 


Electric  consumers  in  Pasadena,  Calif.,  had 
to  pay  ISC.  maximum  per  kw.-hr.  up  to  1908, 
when  the  city  erected  its  own  plant.  The 
private  company  began  its  fight  against  the 
city  by  a  reduction  to  I2^c.  The  city  began 
operations  with  an  8c.  rate ;  the  private  com- 
pany met  it.  In  1910  the  city  made  its  light- 
ing price  5c.  maximum  with  a  wholesale  rate 
of  3c.  and  a  power  schedule  of  from  4c.  to 
less  than  ic.  It  is  estimated  that  the  saving 
to  the  city  has  been  $100,000  per  year  since 
the  plant  was  established. 


There  are  nearly  a  hundred  thousand  em- 
ployes in  the  collieries  of  the  anthracite  coal 
fields  of  Pennsylvania  who  mine  no  coal.  The 
exact  number  in   1913,  the  latest  figures  avail- 
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able,  was  96,991.  The  men  who  mine  and  load 
the  coal  are  the  miners  with  State  certificates 
and  the  miners'  laborer?.  There  were  44,346 
miners  in  1913  and  33,9/3  miners'  laborers. 
Thns  the  army  of  men  who  are  employed  at 
ventilation,  transportation,  drainage,  mainten- 
ance, and  the  preparation  of  the  coal  for  mar- 
ket outnnmbers  by  over  18,000  the  men  who 
are  actnally  mining  and  loading  coal. 


employed  better  than  in  the  ranks.  Conse- 
quently young  (jardner  was  sent  home  for  a 
little  training  in  military  engineering,  after 
which    he    was    returned    to    the    front    with    a 

commission. 


Sand  imported  from  Europe  is  being  used  in 
construction  of  the  new  subways  in  New  York 
Cit3^  This  is  not  because  suitable  sand  can- 
not be  obtained  in  this  country,  but  because  the 
war  in  Europe  has  cut  down  the  cargoes  which 
steamships  ordinarily  bring  to  such  an  extent 
that  it  is  necessary  for  many  to  come  over  in 
ballast.  They  have  been  using  beach  sand  as 
ballast.  Upon  arriving  in  New  York  this  bal- 
last is  discharged  and  is  practically  given  away 
to  anyone  who  will  haul  it  away.  Rodgers  & 
Hagerty,  Inc.,  have  used  ten  scowloads  of  this 
sand  in  back-filling  what  remains  of  the  sub- 
wav  excavation. 


An  instrument  for  measuring  the  quantity 
of  impurity  in  the  air  of  a  room  or  shop  is  the 
result  of  the  inventive  ingenuity  of  a  German 
scientist.  It  consists  of  a  glass  bulb  containing 
a  red  liquid  which  turns  white  on  contact  with 
carbonic  acid  gas.  The  liquid  in  the  bulb  is 
kept  from  the  air;  but  once  in  every  one  hun- 
dred seconds  a  drop,  drawn  automatically  from 
the  bulb  through  a  bent  tube,  falls  upon  the 
lower  end  of  a  stretched  cord  and  begins  slow- 
ly to  descend  the  cord.  If  the  air  be  foul  with 
carbonic  acid,  the  drop  turn?  white  at  the  up- 
per end  of  the  cord,  and  the  purer  the  air  the 
farther  the  drop  descends  before  changing  col- 
or. Alongside  the  cord  runs  a  scale,  like  that 
of  a  thermometer  or  barometer,  indicating  the 
degrees  of  impurity  of  the  atmosphere. 


Henry  Gardner  studied  mining  engineering 
at  Freiberg  and  later  at  Columbia.  Soon  after 
the  outbreak  of  the  war  he  enlisted  in  the 
British  army,  and  went  to  the  front.  It  is 
told  of  him  that  after  serving  as  a  private  in 
the  trenches  for  about  six  months,  some  sap- 
ping plans  were  inaugurated  at  the  point 
where  he  was.  Therein  his  mining  experi- 
ence played  a  useful  part,  of  course,  and  at- 
tracted the  attetnion  of  his  superiors,  who  ob- 
tained the  idea  that  such  knowledge  could  be 


LATRST  U.  S.    PATENTS 

Full  specifications  and  drawings  of  any  pat- 
ent may  be  obtained  by  sending  five  cents  (not 
stamps)  to  the  Commissioner  of  Patents, 
Washington,  D.  C. 

MAY    4. 

1,137,751.     VACUUM-PUMP.     Wolfgang   Gaede, 

Freiburg-,    Germany. 
1  138,083.     ROTARY   FAX.     Wiklis   H.   Carrier, 

Buffalo,    N.    Y. 

1.138.109.  AUTOMATIC  DEVICE  FOR  COX- 
TROLLING  THE  SPEED  OF  TRAIXS.  Law- 
rence Wesley  Horxe  anrl  Warren  Xoble 
Crane,  New  York,   X.    Y. 

1.138.110.  GLASS-MELTIXG  TAXK-FURXACE. 
George  E.    How^ard,    Butler.    Pa. 

1.  In  apparatus  of  the  class  described,  the  com- 
bination of  a  glass  melting  tank,  having  a  dis- 
charge opening,  a  hood,  there  being  means  of 
commun-ication  between  said  hood  and  the  main 
supply  of  glass  in  said  tank,  means  for  oppos- 
ing return  flow  of  the  glass  through  said  com- 
municating means,  and  means  for  varying  the 
fluid  pressure  in  said  hood,  whereby  the  level 
of  glass  therein  may  be  raised  above  the  normal 
level  and  means  for  thereafter  depressing  the 
level  within  the  hood  to  cause  a  discharge  of 
the  glass  from  said  tank  through  said  discharge 
opening. 
1,138,125.  FLUID-EJECTOR.    Maurice  Leblanc, 

Auteuil,    Paris,   France. 

1.  An  ejector  device  for  compressible  fluids, 
comprising  an  admission  nozzle  for  motive  fluid, 
a  mixing  cone  receiving  fluid  from  said  nozzle 
and  having  a  lateral  discharge  aperature  formed 
therein  at  a  point  intermediate  its  ends  for  dis- 
charging excess  fluid  during  the  operation  of 
starting  the  device,  and  a  divergent  nozzle  com- 
municating with  the  outlet  of  said  mixing  cone ; 
the  outlet  of  said  discharge  passage  communi- 
cating with   the   region    into  which  said   diffuser 

1.138,165.  '  CRUDE-OIL  BURXER.  Charles 
WiRTH,  Scranton,  Pa. 

1,138,179.  PERCUSSIVE  TOOL.  Lewis  C. 
Bayles,  Easton,  Pa. 

1,138,193.  AIR-BRAKE  SYSTEM.  Patrick 
Coerford,   Victoria.   British   Columbia.   Canada. 

1.138,199.  REGULATOR  FOR  FLUID-COM- 
PRESSORS. William  Macfarland  Donald- 
son,  New  York.  X.  Y. 

1.138.202.  APPARATUS  FOR  PURIFYIXG  WA- 
TER BY  MEAXS  OF  OZOXIZED  AIR.  George 
Erlwein.  Berlin,  and  Christoph  Knips.  Char- 
lottenbur'g.   Germany. 

1,138,206.  PXEUMATIC  -  DESPATCH  -  TUBE- 
APPARATUS.  Edmond  a.  Fordyce,  Boston, 
Mass. 

1.138,209.  PERCUSSIVE  TOOL.  Arthur  H. 
Gibson,   Easton.   Pa. 

1.138.214.  ATTACHMEXT  FOR  ROCK-DRILLS 
FOR  SUPPLYIXG  WATER  THERETO. 
Charles  Hansen.  Johannesburg.  Transvaal, 
South  Africa. 

1.138.215.  AIR-COMPRESSOR.  Havelock  Har- 
ford.   Port   Alberni,    British   Columbia.   Canada. 

1.138,248.  DEVICE  FOR  AERATING  LIQUIDS. 
Harry  Vaughan  Rudston  Re.\d.  London, 
England. 
1.138.266.  PROCESS  OF  TREATING  HYDRO- 
CARBON OILS.  Charles  H.  Washburn.  St. 
Louis,    Mo. 

1.  The  process  o'  treating  kerosene  and  heav- 
ier   products    of    petroleum,    which    consists    in 
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placing  the  petroleum  product  and  water  into  a 
retort,   converting  them   into   vapor,   and   leading 
off    the    vapor    to   a    condenser,    the    terminal    of 
which  is  closed  to  create  a  back  pressure  against 
the  vapor,  thereby  condensing  the  vapor  under  a 
pressure  of  from  three  to  five  atmospheres  main- 
tained in  both  the  retort  and  the  condenser. 
1,138,278.     PRESSURE-CONTROLLED    VALVE. 
John    H.    Castle    and    William    G.    Rogers. 
Painted  Post.   N.  Y. 
1,138.359.      AUTOMATIC     TRAIN-PIPE    COUP- 
LING.    VoTAW  S.   DuRBiN,   St.   Louis,   Mo. 
1,138,380.     PROCESS    OF    PRODUCING    SOLU- 
BLE   MILK-POWDER.     Gordon    Don    Harris 
and  James  S.  Pollard,  Bayonne,  N.  J. 
1.     The  process   of   dehydrating  or  desiccating 
milk  which   consists   in   spraying  the  milk  while 
at    a   temperature    of    substantially    98°    Fahren- 
heit   into    the    warm    dehydrated    air    having    a 
temperature  of  substantially  98°  Fahrenheit,  and 
then   continuing  the  dehydration   of   the   milk   by 
subjecting    the     .«;prayed    milk     to    warm     dehy- 


and    designed    to    ix-    automatically    actuated    by 
the    wheel    attached    to    said    axle    to    operate    a 
signal  when  the  vehicle  is  rounding  the  curve. 
1,138,806.        PNEUMATIC     WASHING     APPLI- 
ANCE.    Marcus  L.   Smith.  Scranton,  Pa. 
1,138.849.    INDIVIDUAL  PNEUMATIC- ACTION 
MECHANISM.     William    F.    Deitemeier,    San 
Francisco,  Cal. 
1,138,877.    PNEUMATIC  HAMMER.    Delphis  T. 

Lelois,    Chicago,    111. 
1,138,886.     VARIABLE-CAPACITY  COMPRESS- 
ED-AIR ENGINE.     Bruno  V.  Nordberg,  Mil- 
waukee, Wis. 

3.  In  a  variable  capacity  compressed  air  en- 
gine adapted  to  be  converted  from  a  motor  into 
a  compressor  at  will  and  provided  with  means 
for  varying  its  capacity  as  a  compressor  from 
zero  to  full  capacity,  the  combination  with  a 
cylinder  having  a  by-pass,  of  a  valve  normally 
closing  said  by-pass,  means  actuated  by  the 
engine  for  opening  said  valve  at  the  limits  of 
the  piston  stroke,  and   means  for  rendering  said 
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drated  air  having  a  temperature  of  substantially 

98°    Fahrenheit. 

1,138,464.         PUMPING        MECHANISM        FOR 

VACUUM-CLEANERS.     Howard    Eckel,    Los 

AnfiTPlps     Oil 
1,138,612.  ROCK-DRILL.   MosES  Arthur  Knapp, 

Oakland,    Cal. 

MAY     11. 

1,138,617.      PUMP    FOR    VACUUM    CLEANING 

SYSTEMS.  George  B.  Bartley,  Detroit,  Mich. 
1,138,749.      BALL     INFLATOR    AND     SEALER. 

Allen    Ayrault   Green,    Galesburg,    111. 

1.  In  a  device  of  the  character  described,  an 
air-tubo,  a  spring-actuated  air-inlet  valve  as- 
sociated therewith,  an  air-pump  in  communica- 
tion with  said  valve,  a  cement  nozzle  having  it.s 
outlet  adjacent  that  of  thf  air-tube,  and  a  ce- 
ment-injector for  forcinK  cement  through  said 
nozzle. 
1,138,801.       HORN-BLOWING      ATTACHMENT 

FOR    AUTOMOBILES.      William    W.    Scott, 

Plant   City,    Fla. 

1.  In  an  automatic  signaling  device,  a  frame, 
mean.s  for  removably  attaching  said  frame  to 
the  axle  of  a  vehicle,  a  tube  removably  carried 
by   said    frame   and   means   carried   by   said    tube 


valve  at  the  limits  of  the  piston  stroke,  and 
means  for  rendering  said  valve  opening  means 
operative  when  the  engine  has  reached  its  full 
capacity  working  under  normal  conditions  as  a 
compressor,  to  increase  the  work  of  compres- 
sion. 
1,138,893.     STEAM    VACUUM-PUMP.      John    G. 

Robinson,    Melrose,    Mass. 
1,138,969.  FLUID-PRESSURE  MOTOR,  Charlbb 

J.   Olson,    Muskegon,   Mich. 
1,139,066.   PNEUMATIC  TIME-SWITCH.  Georoh 

H.    Parsons,   Stamford,   Conn. 
1,139,084.       VACUUM      RENOVATING      APPA- 
RATUS.     Joseph    H.    Templin,    Philadelphia. 
Pa 
1.139!091.    METHOD  OP  PLASTERING  WALL- 
SURFACES.      Carl   Weber,    Chicago,    111. 
1,139,139.     ROCK-DRILL.     William    L.    Smith, 

Chicago,   111. 
1,139,186.    PNEUMATIC   CONCENTRATOR.    Re- 
no D.  O.  Johnston.  Nazareth,  Pa. 

1.139,221.     STOP-VALVE.      William   G.    Pottbr, 

Marblehead,    Mass. 

1.  A  stop  valve  embodying  a  casing  hiiving 
an  inlet  and  an  outlet  passage  and  a  rotary 
nieinbei-    in    said    casing    adapted    to    alternately 


COMPRESSED  AIR  MAGAZINE 


768  T 


1. 1  3  9.  4-J  9 


/.  <  3  9,  I  6  6 

Pneumatic   Patents  May   ii. 


1, 1^9.  ^  2 


open    and   close    said    passages   when    rotated    in 
either    direction,    mechanism    adapted    to    rotate 
said    rotary    member    in    opposite    directions    in- 
cluding a  reciprocatory  piston  and  a  fluid  pres- 
sure   cylinder    in    which    said   piston    is    adapted 
to  reciprocate,  independent  sources  of  fluid  pres- 
sure connected  to  said  cylinder  at  opposite  ends 
of    said  /Cylinder,    respectively,    and    fluid    pres- 
sure  operated   means   adapted   to   lock   said   pis- 
ton in  a  predetermined  position. 
1,139,354.      PROJECTILE     FOR     DESTROYING 
AIR-SHIPS,    BALLOONS,    AND   OTHER   AE- 
ROSTATS.    Reginald  Arthur  Fbather§tone- 
Smith    and    Mbherjibhoy    Bomanji    Cooper, 
London,   England. 


1.  A  projectile  for  destroying  airships  and  the 
like  comprising  a  shell  having  an  air  passage  ex- 
tending therethrough  toward  the  nose  end  and  a 
gas  passage  extending  therethrough  toward  the 
tail  end,  a  gas  igniter  in  communication  with 
the  gas  passage,  openable  stops  at  the  exterior 
of  the  shell,  and  an  air  blower  in  communication' 
with   the   air   passage. 

1,139,358.       AIR     PURIFIER     AND     WASHER. 
Charles   A.    Geddes,    Philadelphia,    Pa. 

1,139,376.       FLUID-PRESSURE     BRAKE     SYS- 
TEM.    William  H.  Sauvage.  New  York,  N.  T. 

1,139,419.    AIR-PUMP.     Roland  C.  Hilton.  Bos- 
ton,  Mass. 
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1.139,545.  AUTOMATIC  MACHINE  FOR  BLOW- 
ING SEAMLESS  BOTTLES  AND  OTHER 
ROUND  VESSELS.  George  Lefort.  Clabecq, 
Tubize.    Bolgiiini. 

1,139,571.  MILKING-MACHINE.  Lewis  Pres- 
ton   Patersox.    Springfield,    Mo. 

1. 139.589-90.  MILKING  APPARATUS.  George 
Sinclair.    St.    Paul,    Minn. 

1.139,640.  HUMIDIFIER.  Frank  B.  Comins, 
Newton,    Mas.«. 

1,139.866.  RELEASING  MECHANISM  FOR 
AIR-BRAKE  SYSTEMS.  Nicholas  E.  Hirsch, 
San    T^ni.>^    Olii.spo.    Cal. 


supporting  member,  a  pair  of  intei-communicat- 
ing  tanks  mounted  thereon,  heat  insulation  com- 
pletely incasing  said  tanks  to  retain  the  con- 
tents tiiereof  at  predetermined  temperatures, 
niean.^  for  simultaneously  filling  the  tanks  on 
either  side  thereof,  an  insulated  pipe  connect- 
tion  between  said  tanks,  and  expansion  valves 
mounted  in  the  length  of  said  pipe  connection 
for  the  escape  of  volatilized  contents  of  said 
tank,  for  maintaining  said  other  contents  at  a 
continuing  low  pressure. 
1,140,294.       VACUUM-CLEANER.        Robert      R. 

Smith,    Philadelphia,   Pa. 
1,140,314.        GLASS-BLOWING       APPARATUS. 

Pierre   J.    Paquet.    Salem.    W.   Va. 
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1,139,910.         APPARATUS       FOR       CLEANING 
SMOKE    TUBES    OF   MARINE    AND    OTHER 
MULTIBULAR       BCJiLERS.         Charles       H. 
Shei'Ler  and  Joseph  W.   Shearer,   San  Fran- 
cisco.  Cal. 
1.139,930.    PNEUMATIC  PUMP.     Aaron  J.   Ty- 
ler,   Rochester,    N.    Y. 
1.139,991.     AIR-COMPRESSOR.     William    Mor- 
timer  Mel.more,   London,   Eng. 
1.     In    an    air-compr«'ssor    comprising   a    pump 
cylinder  seated  on  the  end  of  an  operating  cylin- 
der   to    be   connected    with    one    of    the    cylinders 
of  a  motor  vehicle,  the  combination  with  a  pump 
piston,  a  rod  depending  from  the  piston,  a  disk- 
valve    frictionally    mounted    on    the    piston    rod, 
and  means  for  limiting  the  travel  of  said  valve, 
of   an    operating   pi.ston    fast   to    said    piston    rod 
and    comprising    a    perforated    top    plate,    a    cen- 
trally perforated  cup-shaped  piston  body,  a  non- 
return valve  at  the  inner  face  of  said  plate,  and 
a    spring    for    supporting    th*-    non-return    valve, 
as    describr-d. 

1.140,00;^.  PNEUMATIC  CUSHIONING  DE- 
VICE FOR  VEHICLES.  Earl  V.  Sanders. 
Pawnee,   III. 

1.140.065.  MULTISTAGE  COMPRESSOR.  Au- 
0U8TE  C.   E.   Rateau,   Paris.    France. 

1.140.066.  MILKING-MACfilNK.  Benjamin  P. 
Remy  and    Frank    I.    Remy.    Ander.«on,   Ind. 

1,140,185.      POWIOR    ROCK-DRNvL.      Frederick 

Perley    Portku.    Kfllogg.    Idaho. 
1.140,250.       MEANS       FOR       HANDLING      AND 

TRANSPORTING   LIQUID   GAS.      GODFREY   L. 

Cabot.   Boston.   Mass. 

1.     In   an   apparatus   of   the   clas.«;   described,   a 


1.140,344.     AIR-SPRING. 
vale  borough,   Pa. 


John  G.  Funk,  Swiss- 


MAY    25. 

1,140,373.  OXYGEN-GENERATOR.  Thomas 
Griswold,  Jr.,  and  Edwin  O.  Barstow,  Mid- 
land, Mich. 

1.140,536.  RIVET-SET  RETAINER.  Wendei> 
H.    Shipeer,   New   Castle,    Pa. 

1.140,618.  SANDING  DEVICE  FOR  STREET- 
CARS.    William  A.   Sault,   Worcester,   Mass. 

1,140,634.  PNEUMATIC  VALVE.  Aaron  J.  Ty- 
ler,  Rochester,    N.    Y. 

1,140,645.  PNEUMATIC  CUSHION  FOR  AU- 
TOMOBILES. Edward  A.  Wilcox,  Carthage, 
111. 

1,140,673.  TUNNELING-MACHINE.  Walter 
W.    Giggey,    Netherland,    Colo. 

1,140,699.  AIR-PUMP.  John  J.  Messerli,  Kings- 
ville,    Tex. 

1,140.713.  PRESSURE-VALVE.  Bingham  S. 
Price,   Rawlins,   Wyo. 

1,140,723.  COMBINED  AIR-PUMP  AND 
STARTER  FOR  EXPLOSIVE-ENGINES 
Frank  E.  Ten  Eyck,  Auburn,  N.  Y. 

1.140,939.  PUMPING  APPARATUS.  Van  P 
Bailey,   Indianapolis,   Ind. 

L140,982.  OPERATING  OIL-WELLS.  William 
D.   Huff,   La   Fayette,   La. 

1.140,992.  PNEUMATIC  SUCTION-CLEANER. 
Emanuel  A.   Makti.v.  New  York,  N.  Y. 
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METAL  SPRAY  PROCESSES* 

BY   JOHN  C ALDER. 

It  is  the  object  of  this  paper  to  describe 
the  latest  mechanical  process,  the  Schoop  pro- 
cess, for  depositing  electro-positive  metals  on 
iron  and  steel.  Incidentally,  the  method  per- 
mits the  depositing  of  many  other  metals  and 
alloys  on  coherent  bodies  whether  metallic  or 
not. 

The  process  takes  its  name  from  M.  U. 
Schoop,  an  engineer,  of  Zurich,  who,  in  collab- 
oration with  other  inventors,  made  the  metal 
spray  an  effective  coating  agent.  In  the 
Schoop  process,  the  coating  metal  adheres  to 
the  object  chiefly  by  mechanical  miion.  The 
metal  is  discharged  in  hot  impalpable  particles 
moving  with  high  velocity  and  these  when  di- 
rected upon  a  prepared  object  penetrate  the 
pores  of  the  latter  while  the  spray  is  still  plas- 
tic. The  coating  metal  thus  dovetails  itself  in- 
to the  superficial  pores  of  the  object  and  does 
so  in  the  presence  of  reducing  gas  which  pre- 
vents oxidation  at  the  junction  of  the  metals. 

The  progress  of  invention  on  metal  spray- 
ing has  been  chiefly  directed  toward  making 
the  metallic  particles  as  small  and  as  hot  as 
possible,  thereby  avoiding  oxidation,  and  re- 
ducing the  pressure  of  air  used  and  the  cost  of 
the  gases  employed. 

The  evolution  of  the  apparatus  has  been  in- 
teresting. The  liquid  metal  process  involved 
a  large  non-portable  reservoir  of  hot  metal 
weighing  with  the  auxiliary  parts  over  a  ton ; 
the  metal  dust  apparatus  weighed  over  a  hun- 
dred pounds,  while  the  "pistol"  of  today 
weighs  less  than  four  pounds.     Figs,  i,  2  and 


^Abstract  of  paper  before  the  American  So- 
ciety of  Mechanical  Engineers,  Alay  11.  1915. 


3  show  the  three  forms  through  which  the  ap- 
paratus has  passed. 

In  the  apparatus  represented  by  Fig.  i,  a 
molten  metal  is  allowed  to  run  continuously 
from  the  reservoir  R  through  a  broad  nozzle 
X ,  where  it  is  broken  up  and  swept  away  by 
a  violent  current  of  heated  gas  G,  issuing  un- 
der regulated  pressure  from  containers  C  and 
reheated  in  its  passage  at  H.  The  expansion 
of  the  gas  chills  the  molten  particles  and 
forms  a  rapidl}'  moving  spray  or  fog  of  metal 
which  impacts  upon  any  object  placed  in  its 
path  and  plates  it. 

Any  metal  fusible  under  the  conditions  of 
the  apparatus  can  be  used  and  owing  to  the 
low  temperature  of  the  fog,  it  is  possible  to 
plate  very  delicate  and  easily  combustible  ob- 
jects, as  well  as  metal  articles.  Aluminum 
plating,  which  could  not 'be  obtained  by  fusion 
or  electrolysis  on  account  of  its  ready  oxida- 
tion, was  easily  obtained  by  this  Schoop  pro- 
cess. 

The  obvious  objections  to  such  anv  appara- 
tus were  lack  of  portabilit}'  and  the  expense  of 
melting  and  keeping  fluid  most  of  the  metals 
in  the  unavoidable  intervals  of  spraying.  The 
result  was  that  onh'-  the  more  fusible  metals, 
lead  and  tin,  were  used  where  spraj-ing  on  a 
continuous  scale  was  possible  and  the  liquid 
metal  apparatus  was  never  reduced  to  econom- 
ical practice.  It  was  observed  with  this  appa- 
ratus, however,  that  the  particles  were  not 
actually  molten  at  the  moment  of  impact  and 
this  suggected  the  next  step. 

Fig.  2  represents  the  second  form  of  appara- 
tus in  which  portability  was  secured  and  the 
metal  particles  to  be  sprayed  were  prepared  in 
advance.  Powdered  metals  in  a  very  fine  state  of 
division  have  man}'  of  the  characteristics  of  a 
liquid.     Their  fine  particles  mix  with  one  an- 
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other  like  drops,  they  spread  with  facility  and 
unite  under  the  influence  of  very  little  force. 
The  metal  powder  in  the  container  C  is  en- 
tranied  in  an  air  blast  A,  heated  in  the  flame 
of  a  blast  pipe  B,  and  projected  with  high  ve- 
locity. The  gas  is  burned  at  D  and  the  sup- 
ply of  air  is  regulated  at  6"  to  obtain  complete 
combustion. 

It  was  found  that  the  anticipations  from  the 
use  of  the  first  apparatus  were  correct  and 
that  metal  particles  projected  in  a  pasty  con- 
dition produced  plating  as  before.  Most  met- 
al powders,  however,  tend  to  oxidize  rapidly 
and  the  use  of  this  apparatus  was  practically 
restricted  to  tin  and  zinc  on  this  account.  Even 
with  tin,  the  expense  of  metallic  powder  was 
prohibitive,  but  the  plating  with  tin  and  zinc 
was  very  good.  In  the  case  of  zinc,  the  ap- 
paratus known  as  the  cyclone  is  still  the  most 
economical  instrument  for  plating  large  sur- 
faces with  that  particular  protective  metal. 
Zinc  dust  is  a  by-product  in  the  stacks  of  zinc 
smelteries.  With  the  Cyclone  apparatus,  it 
can  be  impacted  on  steel  structures  cither  in 
the  field  or  at  the  factory.  >- 

Inventors  then  set  themselves  to  overcome 
both  the  chemical  and  economic  difficulties, 
viz. :  to  dispense  with  mass  melting  and  dust 
preparation  and  to  secure  instant  and  simul- 
taneous operation  of  melting  and  pulverization, 
and  control  with  a  handy,  economical  and  eas- 
ily transportable  appliance.  The  result  was 
the  ingenious  instrument  known  as  the  "pis- 
tol" which  is  shown  in  Fig.  3. 

The  princi])le  involved  consists,  as  sliown  in 
Fig.  4,  in  feeding  a  fine  wire  W  of  any  metal 
into  a  reducing  t1amc  zone  Z  at  such  a  constant 
si)ccd  that  the  position  of  the  end  of  the  wire 
E  remains  stationary,  the  melting  rate  being 
exactly  equal  to  the  rate  of  feed.  Under  such 
conditions  the  wire  end  melts  a  drop  at  a  time 
and  each  drop  at  the  instant  of  formation  is 


struck  a  violent  blow  by  an  air  blast  A.  In 
other  words,  the  pistol  is  a  machine  gun  which 
automatically  manufactures  its  ammunition 
from  a  reel  of  wire  and  bombards  the  object 
to  be  plated  with  plastic  projectiles  of  ex- 
tremely small  size. 

The  resulting  fog  or  spray  of  fine  metallic 
particles  into  which  the  drops  are  divided 
takes  the  form  of  a  diverging  cone  C  with 
a  core  of  reducing  gas  G  in  which  the  particles 
are  entrained,  and  a  surrounding  sheath  of  air 
A  which  is  rapidh'  expanding  and  cooling.  Any 
suitabl}'  prepared  object  placed  in  the  path  of 
this  metallic  spra}'  is  plated  through  impact 
without  undue  elevation  of  temperature. 

Fig.  6  shows  a  section  of  the  commercial 
spraying  pistol  now  in  use.  The  principal 
parts  of  the  pistol  consist  of  an  outer  casing 
A,  cast  of  aluminum,  with  a  central  project- 
ing tube  forming  a  handle,  a  wire  feed 
mechanism  mounted  entirely  upon  the  cover 
5  of  the  turbine  chamber,  the  turbine  C  actu- 
ating the  wire  feed  mechanism,  gas,  air  and 
wire  nozzles  mounted  upon  the  outer  casing 
held  in  position  by  a  hand  nut  D,  and  a  re- 
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moval)le  cover  /:  whicli  completes  the  enclo- 
sure of  the  outer  casing. 

Gas  and  air  ducts  arc  drilled  in  the  outer 
casing.  The  rlow  is  controlled  by  the  taperod 
valve  F  provided  with  a  handle  G.  The  wire 
feed  mechanism  is  actuated  by  a  turbine  C 
mounted  on  a  vertical  shaft  running  in  ball 
bearings ;  a  worm  is  cut  in  the  upper  end  of 
the  vertical  shaft  and  drives  by  worm  wheels 
the  horizontal  shafts  A'  and  O,  Fig.  6,  wliich 
are  provided  with  worms  in  turn  driving  the 
worm  wheels  P  and  Q. 

The  wheels  P  and  Q,  Fig.  6,  are  provided 
with  slots  to  engage  the  projecting  lugs  of 
the  lower  feed  wheel  R.  The  upper  feed 
wheel  V  mounted  in  the  pivoted  frame  T  is 
provided  with  shrouds  controlling  the  position 
of  the  lower  feed  wheel  R.  The  lower  feed 
wheel  can  be  engaged  in  either  worm  P  or  Q 
by  raising  a  clip  /.  shifting  laterally  in  either 
direction  and  locked  in  by  the  opposite  clip. 
The  shift  can  be  readily  made  by  allowing  the 
mechanism  to  run  slowly  by  a  slight  openiiifr 
of  the  starting  \alve. 

Pressure  is  applied  to  the  feed  wheels 
through  the  pivoted  frame  T  by  a  coiled 
spring,  and  controlled  by  the  operator  by 
means  of  the  release  lever  K.  The  final  ad- 
justment of  the  wire  feed  is  controlled  by  tlie 
needle  valve  ^f,  Fig.  6.  The  turbine  and  shaft 
complete  is  assembled  in  the  outer  case  and 
properly  adjusted  independently  of,  the  other 
mechanism.' 

The  wire  feed  is  entirely  assembled  on  the 
turbine  cover  D  and.  when  properly  adjusted 


\s  secured  in  i>o&ition.  Tiic  wire  nozzle  base 
U  provides  an  adjustment  for  position  of  wire 
and  Ras  nozzles,  and  is  secured  in  position  by 
a  headless  set  screw.  The  upper  end  of  the 
stem  of  the  turbine  cover  is  provided  with  an 
annular  groove,  which  is  engaged  by  the  spring 
l()<)()  y  and  secures  the  removable  cover  £ 
of  the  case.  Loop  F  provides  also  a  means 
for  hanging  the  pistol  on  a  conveniently  lo- 
cated hook. 

The  operation  of  the  pistol  is  as  follows: 
The  gas  and  blast  nozzles  faces  D  and  C  arc 
securely  clamped  to  form  gas  tight  joints  by 
tightening  the  hand  nut  D.  The  end  of  the 
central  or  wire  nozzle  is  then  0.015  in.  inside 
the  gas  nozzle  and  the  stationary  melting  point 
of  the  wire  is  0.03  in.  inside  the  air  blast  noz- 
zle. The  wire  diameter  used  is  from  0.0319  to 
0.0375  in.,  except  for  lead  and  tin  which  are 
used  in  larger  sizes  owing  to  their  rapidity  of 
melting. 

The  feed  gears  having  been  set  in  mesh  at 
the  approximate  speed  required  for  the  wire 
selected,  the  air  alone  is  turned  on  and  the 
speed  tested  with  a  short  length  of  wire.  Ad- 
justment, if  necessary,  is  made  by  the  needle 
valve  which  modifies  the  speed  2  ft.  per  min- 
ute plus  or  minus. 

The  end  of  the  wire  reel  is  then  threaded 
through  the  stock  receiving  tube,  between  the 
gripping  feed  rolls  and  into  the  central  wire 
nozzle  and  the  fuel  gas  pressures  from  the 
containers  are  adjusted  by  the  reducing  valves 
and  gauges  thereon  to  the  tabular  require- 
ments for  the  metal  to  be  sprayed.  The  pres- 
sures of  the  fuel  gases  seldom  rise  above  one 
atmosphere  and  hydrogen  or  Blau  gas  are  the 
reducing  gases  usuallj-  employed.  This  gas 
is  now  admitted  by  slightly  opening  the  start- 
ing valve  and  when  ignited  with  a  match  bums 
quietly  as  a  pilot  light. 

The  starting  valve  is  then  opened  up  full 
and  oxygen  is  admitted  gradually  until  the 
tlame  zone  is  established.  All  back-firing  is 
avoided  by  keeping  the  reducing  gas  always 
in  excess  of  the  oxygen,  the  ratio  being  three 
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FIG.    5. 


or  four  to  one.  The  above  movements  are 
made  in  rapid  succession  on  a  light  instrument 
which  can  be  held  in  one  hand  and  the  spray- 
is  started  up  the  moment  the  constant  melting 
position  of  the  wire  is  reached. 

The  spray  so  established  is  essentially  a 
metal  plating  air-brush,  the  diameter  of  which 
5  in.  from  the  pistol  end  is  about  2  in.  Objects 
to  be  plated  are  operated  upon  by  pointing  the 
pistol  normally  to  the  surface  to  be  coated  at 
any  moment  at  about  5  in.  distance  and  tra- 
versing the  pistol  across  the  surface-  with  a 
regular  motion.  A  single  coating  is  about 
o.ooi  in.  thick.  The  operator's  vision  easily 
guides  him  in  distinguishing  between  the  coat- 
ed and  uncoated  portions  and  also  between  a 
first  and  second  coat. 

Two  thousandths  of  an  inch  well  impacted 
upon  a  surface  are  just  as  effective  as  a  much 
greater  thickness  and  of  course  unnecessary 
sprayed  metal  increases  the  cost,  as  the  latter 
is  directly  proportional  to  the  thickness.  Not-, 
only  on  the  score  of  economy  but  also  to  pfe- 
serve  toughness  the  coating  should  be  of  min- 
imum thickness  for  the  anvil  action  of  tlie 
metallic  spray  on  a  solid  metal  object  is  lost 
above  a  few  thousandths  of  an  inch  thickness 
and  a  process  of  cold  working  follows  which 
produces  a  brittle  scale  readily  detachable.  Jn 
practice  this  matter  is  easily  regulated. 

Fig.   5    shows   the   pistol    held    in   the   hand 


ready  for  action  with  the  wire  thread  in  po- 
sition. 

Gas  bombs  with  fittings  and  air  at  40  lb. 
pressure  are  the  only  requisites  besides  the 
pistol  and  its  hose  connections  for  plating  non- 
metallic  objects  such  as  wood,  stone,  paper, 
cement,  cloth,  etc.  All  metallic  surfaces  should 
have  the  scale  cleaned  off  and  their  pores 
opened  by  preliminary'  sandblasting. 

It  will  be  seen  from  Table  2  that  o.ooi  in. 
thickness,  one  square  foot  in  area,  can  be 
spraj'ed  with  the  common  metals  for  a  small 
sum.  The  total  cost  for  German  silver  is  3^ 
cents,  for  copper,  3  cents,  for  tin,  5  cents,  for 
brass,  2^  cents,  for  zinc.  2  cents,  for  alumi- 
num, i^  cents  and  for  lead  V/2  cents  per 
square   foot. 

Various  theories  have  been  offered  to  ac- 
count for  the  plating  properties  of  the  metal 
spra}^  but  it  is  believed  by  those  putting  it  to 
practical  use  that,  cxcej)!  in  the  few  cases 
where  the  impacted  metals  have  a  chemical  af- 
finity, the  action  nf  ibc  spray  is  pure^,•  me- 
chanical. 

Any  metal  wire  can  be  si)rayed  with  vary- 
ing degrees  of  fineness  by  the  pistol,  but  a 
hard  metal,  such  as  copper,  cannot  be  im- 
pacted with  the  same  degree  of  adherence  up- 
on a  solid  copper  object  as  it  would  be  upon  a 
more  porous  cast  iron  object  or  upon  one  of 
the    soft    metals    such    as    lead    or   zinc.     The 
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FIG.    6. 


coatings  may  be  ground,  polished  and  buffed 
like  any  ordinary  metals,  but  polished  spray- 
ings do  not  offer  themselves  as  economical 
substitutes  for  cheaper  and  less  adherent  plat- 
ings which  are  deposited  in  smooth  condition. 

As  nu'tal  spraying  is  essentially  a  kinetic 
energy  process  the  degree  of  adherence  ob- 
tained in  any  instance  depends  upon  the  rela- 
tive hardness  and  porosity  of  the  sprayed 
metal  and  its  base.  For  some  decorative  pur- 
poses this  is  of  no  consequence,  but  where 
stress,  wear  and  chemical  action  are  involved 
it  is  quite  important  to  choose  the  appropriate 
coating. 

In  spraying  where  the  softer  metal  forms 
the  object,  the  body  of  it.  as  well  as  its  super- 
ficial pores,  will  be  penetrated  by  the  harder 


metal  with  its  projectile  action.  When  the 
condition  is  reversed  the  softer  spraying  metal 
will  fill  the  open  pores  of  the  harder  object 
and  key  itself  into  the  former  in  cooling  oflF, 
but  it  will  not  penetrate  the  solid  parts  of  the 
body.  In  either  case,  however,  with  proper 
preparation  of  clean  open  surfaces  a  durable 
adherent  coating  is  obtainable. 

The  detachable  coatings  form  an  interest- 
ing study  and  have  yet  to  be  developed  for 
many  of  the  arts.  It  has  been  found  tliat  if 
the  Schoop  spray  be  turned  upon  a  smooth 
greased  surface  of  reasonable  hardness,  the 
bombarding  fog  of  <nctal  particles  will  remain 
upon  the  surface  without  impacting  and  will 
copy  the  surface  to  its  finest  line  or  detail.  Ou 
cooling   and   tapping  this   reverse   it   detaches 
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readily  and  by  usinj?  it  as  a  mold  and  repeat 
iiiK'  the  treatment  with  a  filtn  of  grease,  a  de- 
l;uh;ilile   copy   of    the   original    object,   a   coin, 
nu<l;il  or  any  rebef  subject  can  be  obtained  in 
any  desired  metal. 

iables  I  to  .?  show  the  data  of  gas  consump- 
tion and  total  cost  of  spraying  a  square  foot 
o.ooi  in  thick  of  some  of  the  commoner  met- 
als by  means  of  the  Schoop  pistol;  also,  the 
cost  of  spraying  per  pound  and  by  the  hour 
and  the  rate  of  deposition. 

[When  the  paper,  of  which  only  an  abstract 
is  given  above,  was  presented  at  a  regular 
monthly  meeting  of  the  American  Society  of 
Mechanical  Engineers  in  the  Engineering  So- 
cieties Building  a  practical  exhibition  of  the 
process  in  operation  was  given  in  the  base- 
ment. Various  objects  were  coated  by  the 
spray  the  favorite  souvenir  being  a  metal 
coated  visiting  card  "sprayed  while  you  wait."] 


FRESH   AIR  PARADOXES 

It  is  an  undeniable  fact  that  a  room  filled 
with  air  which,  so  far  as  chemical  analysis  can 
detect,  is  absolutely  pure  may  feel  very  stuffy. 
For  instance,  the  House  of  Commons,  on  the 
ventilation  of  which  the  author  has  experi- 
mented for  many  months  for  the  Committee 
of  the  House,  the  air  in  the  debating  cham- 
ber is,  chemically  speaking,  as  pure  as  in  any 
room  in  the  world.  Fresh  air  simply  pours 
into  it  in  extravagant  .volumes.  In  a  moder- 
ately full  house  there  are  no  less  than  13,000 
cubic  feet  of  air  supplied  per  head  per  hour. 
Yet  it  produces,  without  any  possible  doubt, 
the  effects  which  we  are  accustomed  to  think 
of  as  associated  with  defective  ventilation — 
lassitude,  sleepiness,  infection,  and  so  forth. 
Complaints  are  loud  and  quite  general.  A 
room  may,  on  the  contrary,  feel  fresh  and 
sweet  in  which,  judged  by  chemical  standards, 
the  air  is  very  bad.  The  author  has  analyzed 
air  containing  25  volumes  per  10,000  of  CO.. 
which  felt  as  fresh  as  a  spring  morning,  al- 
though 10  volumes  is  regarded  as  the  extreme 
allowable  impurity  in  current  science.  There 
must  be  some  combination  of  chemical  or  phy- 
sical conditions  which  accounts  for  the  ef- 
fect, so  far  as  it  is  objective;  when  it  is  pure- 
ly subjective,  of  course,  it  is  impossible  to 
analyze  the  effect.  Nobody  up  to  the  present 
has  ventured  to  specify  wdiat  is  that  combina- 
tion.— ./.  77.  Barker,  Transactions  of  the  So- 
ciety of  Entj'inecrs.     (British). 


mi;  TESTINQ  OF  AIR  COMPRESSORS^ 

When   considering   the  -    of    an   en- 

gine or  machine  of  any  de  ..,.:.  ,:i,  the  intelli- 
gent buyer  not  only  looks  upon  the  first  cost, 
but  al.so  on  the  really  more  important  question 
of  miming  efficiency,  and,  therefore,  besides 
obtaining  an  estimate  of  the  price  of  the  plant, 
he  generally  require^  some  guarantee  of  effi- 
ciency. In  addition  to  this,  in  order  to  put  a 
check  on  the  optimism  or  possible  deception 
on  the  part  of  the  manufacturer,  he  specifics 
some  test  which  will  show  him  whether  the 
guarantees  given  have  been  fulfdled.  The 
methods  of  testing  have  become  a  matter  of 
common  practice  with  most  classes  of  machin- 
ery. The  steam  engine  is  indicated  and  the 
steam  consumption  measured.  The  gas  or  oil 
engine  is  generally  tested  by  brake,  in  addi- 
tion to  the  taking  of  indicator  cards  and  the 
measurement  of  fuel  consumption  ;  while  with 
electrical  machinery,  the  accuracy  of  electrical 
measuring  instruments  has  rendered  the  test- 
ing of  such  plants  a  matter  of  exact  science. 
With  the  air  compressor,  however,  the  position 
is  somewhat  different.  Although  there  are 
considerable  opportunities  for  loss  in  the 
transformation  of  heat  or  electric  energy  inta 
the  form  of  compressed  air,  there  is  a  great 
deal  of  ambiguity  in  the  method  of  guaran- 
teeing efficiencies  for  this  type  of  machine, 
and  frequently  very  little  care  is  taken  to  en- 
sure an  accurate  test. 

In  the  present  day  compressed  air  has  a  very 
wide  field  of  utility  in  the  operation  of  under- 
ground mining  machinery,  also  in  working 
pneumatic  tools  in  shipyards,  steel  works,  etc., 
and  it  would  seem  of  no  small  importance  to 
the  user  of  such  plants,  and  also  the  manufac- 
turer, to  standardize  both  the  way  of  stating 
the  efficiency  of  the  machine  and  the  method 
of  testing  it  on  completion.  Usually  there  are 
three  things  specified  in  some  form  or  other 
concerning  the  expected  performance  of  an 
air  compressor,  namely,  the  volumetric  effi- 
ciency, mechanical  efficiency,  and  the  power 
consumption  for  any  given  quantity  of  free 
air  at  the  required  pressure. 

VOLUMETRIC    EFFICIENCY. 

The  volumetric  efficiency,  which  is  very  of- 
ten treated  as  of  greater  importance  than  it 
deserves,   is,   of   course,  merely  the   ratio  ex- 
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pressed  as  a  percentage  between  the  actual  vol- 
ume of  free  air  compressed  in  a  unit  of  time, 
and  the  volume  swept  by  the  first-stage  piston 
or  pistons  in  the  same  time.  While  it  is  im- 
portant to  the  manufacturer  to  obtain  a  high 
volumetric  efficiency,  as  this  means  that  the 
size  of  the  cylinders  and  consequently  of  the 
whole  machine  is  reduced  to  a  minimum  for 
any  given  duty,  it  is  not  of  paramount  im- 
portance to  the  buyer,  except  in  so  far  that  a 
high  volumetric  efficiency  tends  towards  a 
high  mechanical  efficiency  and  low  power  con- 
sumption. It  is  of  very  little  moment  to  the 
buyer  whether  the  cylinders  of  his  compressor 
are  large  or  small,  within  reasonable  limits, 
if  at  the  same  time  his  machine  will  give  the 
required  output  with  small  consumption  of 
energ>',  and,  in  fact,  it  might  even  be  a  mat- 
ter of  suspicion  if  an  exceptionally  high  volu- 
metric efficiency  was  specified,  as  in  such  a 
case  the  cylinders  worked  out  on  this  assump- 
tion might  prove  on  careful  testing  to  fail  to 
give  the  full  quantity  of  air  specified. 

Of  the  two  main  causes  of  loss  of  volumet- 
ric efficiency,  excessive  clearance  and  exces- 
sive heating,  the  latter  is  by  far  the  most  im- 
portant, for  while  the  former  merely  reduces 
the  quantity  of  free  air  taken  in  per  stroke, 
the  latter  also  entails  an  actual  loss  of  energy; 
this  lost  work  being  converted  into  heat,  car- 
ried away  by  the  cooling  water  or  dissipated 
by  radiation  from  the  cylinders  and  pipes.  It 
is,  therefore,  in  this  direction  only  that  a  high 
"volumetric  efficiency  tends  to  economy  in 
working,  but,  as  will  be  explained  later,  this 
economy  in  working  can  be  indicated  more 
definitely  in  other  ways.  It  may,  however, 
be  here  stated  that  the  volumetric  efficiency 
obtained  in  well-designed  compressors  may  be 
as  high  as  98  per  cent,  for  large  units. 

MFXHANICAL  EFFICIENCY. 

Dealing  with  the  second  efficiency  men- 
tioned, namely,  the  mechanical  efficiency,  this 
expression  appears  to  be  invested  with  a  dif- 
ferent meaning  in  different  cases,  and  we  also 
sometimes  meet  such  expressions  as  "com- 
mercial efficiency,"'  which,  while  being  a  form 
of  the  former,  has  no  generally  accepted  mean- 
ing or  definition.  As  most  commonly  under- 
stood, the  term  mechanical  efficiency  is  taken 
to  mean  the  ratio  of  the  air  indicated  horse- 
power to  either  the  indicated  horse-power  of  a 
steam-driven  compressor  or  the  brake  horse- 


power at  the  compressor  shaft  in  the  case  of 
a  compressor  driven  by  electric  motor.  Not 
quite  the  same  thing,  as  the  ratio 

A  H  P  A  H  P 

is  generallv  higher  than  ,  for  the 

B  H  P  '  IMP 

reason  that  this  last  must  take  into  considera- 
tion the  losses  due  to  friction,  etc.,  of  the 
steam  engine  portion  of  the  compressor,  with 
its  steam  valves,  governor,  etc.,  which  are  ab- 
sent with  the  electric  drive.  It  will  be  seen 
that  in  either  case  these  figures  are  based  on 
indicator  diagram.s,  and  while  the  indicator  ap- 
plied to  air  compressors  gives  most  valuable 
information,  and  indicator  cards  should  al- 
ways be  taken,  the  results  obtained  are  by  no 
means  conclusive  from  the  buyer's  point  of 
view.  Either  of  the  ratios  mentioned  above, 
taken  in  connection  with  other  information, 
give  considerable  assistance  in  comparing  the 
merits  of  a  compressor,  but  it  must  be  remem- 
bered that  a  high  mechanical  efficiency  can 
be  equally  well  given  by  a  high  air  horse-pow- 
er as  by  a  low  brake  horse-power  or  steam  in- 
dicated horse-power.  It  can  be  easily  con- 
ceived that  an  inefficient  compressor  showing 
an  unnecessarily  high  air  horse-pOwer  for  a 
given  output,  when  compared  with  the  brake 
horse-power  at  the  motor  shaft,  may  show  a 
very  fair  efficiency,  while  at  the  same  time  it 
may  be  very  uneconomical  in  power  consump- 
tion. 

POWER    CONSUMPTION. 

We  come  now  to  the  third  and  most  import- 
ant form  of  guarantee  from  the  buyer's  point 
of  view,  namely,  the  power  consumption  for 
any  given  quantity''  of  free  air  compressed  to 
the  required  density.  This  is  analogous  to 
the  steam  consumption  per  indicated  horse- 
power of  a  steam  engine,  in  the  same  way  that 
the  mechanical  efficiency,  as  explained  above, 
is  analogous  to  the  mechanical  efficiency  of  a 
steam  engine,  the  former  giving  an  indication 
of  the  cost  of  production  of  a  definite  quantity 
of  power,  while  the  latter  merely  indicates 
how  much  of  the  lost  power  is  due  to  engine 
friction,  and  in  an  air  compressor  the  power 
lost  in  friction  is  usually  a  very  small  portion 
of  the  total  loss  incurred  in  the  transforma- 
tion of  energy  into  air  pressure. 

It  is  the  usual  practice  of  builders  of  air- 
compressing  machines  to  state  the  power  con- 
sumption, either  in  brake  horse-power  at  the 
compressor  shaft  or  indicated  liorse-power  of 


COMTRFSSED  A]P   MAGAZIN'I- 


7691 


tiic    slcani    iiitijim'.    r\»r   electricity   and    -tiaii. 
driven   compressors    resi)ectively,   and   this    ui 
formation  may  he  most  suitalily  converted  tor 
the  purpose?  of  comparison  into  cnhic  feet  oi 
free    air    per    minute    compressed    to    tht-    re 
(juired  l)^es^ur(.•  ])er  hrake  horse-]>owtr  or   ni- 
(hcated   horse-power   input.      Ihis   is   certainly 
the  expression   which   will  convey  to  the  user 
in  definite  figures  the  cost  of  runniiiK  his  i)lant 
A  compressor  of  modern  and  efticient  design 
will    require    one    brake    horse-power    at    the 
shaft  for  ahoul  5^4  cubic  feet  of  free  air  com- 
pressed to    100  11).   per  square   inch.     A   larger 
or   snialkr  expenditure  of   energy  will  be   re- 
(luired    wlien    the    final    pressure    required    is 
lower  or  higher  than  100  lb. 

The  most  scientific  way  of  stating  the  effi- 
ciency of  a  compressor  is  to  compare  the  act- 
ual brake  horse-power  absorbed  at  the  com- 
I»ressor  shaft  with  the  horse-power  which 
would  be  theoretically  required  to  compress 
the  given  quantity  of  air  to  the  necessary  pres- 
sure under  ideal  conditions.  This  absolute 
standard  of  comparison  is  best  taken  to  be 
the  theoretical  horse-pow-er  required  when  the 
air  is  compressed  isothermally.  Of  course,  as 
need  not  be  explained  here,  isothermal  condi- 
tions are  never  obtained  in  practice,  and  act- 
ually the  compression  curve  approximates 
more  closely  to  an  adiabatic  curve.  Still,  iso- 
thermal compression  represents  the  desired 
ideal,  and  has  the  necessary  qualification  for 
imrposes  of  cc>mparison.  of  being  invariable 
for  any  given  quantity  of  air  and  pressure 
The  formula  for  the  horse-power  required 
when  the  air  is  compressed  isothermally  is 
well  known,  and  mav  be  stated  here  as 


144 


F  Vl  log    -j,  where  F: 


HP  - 

.^3.000 

initial  pressure    (usually    that    of    the    atmos- 
phere. 14.7  lb.  per  square  inch).  \'  =  free  air 

volume,    and    P"    =    final    pressure.      On    this 
basis  the  efficiency 

A  H  P  ^isothermal) 

\    100  in  practice  varies 

B.H.P. 
between  ,60  per  cent,  and  80  per  cent.,  depend- 
ing very  much  on  the  size  of  the  unit  luuler 
consideration.  Large,  slow-speed  compressors 
frequently  shc>w  the  higher  efficiency  men- 
tioned, and  smaller  high-speed  machines  the 
lower.  This  gives  a  very  convenient  expres- 
sion   for  the   efficiency  of  an   air  compressor. 


^h  might  be  with  advantage  generally 
...'lied  I'or  purjKjses  of  investigation,  the 
isi'ihcrmal  air  horse-power  may  Ik-  compared 
with  the  indicated  air  horsc-i>ower,  as  the  ra- 
tio olitained  in  this  way  will  give  a  measure  of 
the  b»sses  which  occur  in  the  actual  comprca- 
>ion  of  the  air.  independent  of  frictional  and 
'•ther  mechanical  losses  in  the  machine. 

i  o  return,  however,  to  the  buyer's  iK>int  ot 
.  iew.  he  purchases  a  compressor  which  is 
guaranteed  to  compress  a  certain  quantity  of 
free  air  to  the  rec|uired  pressure  with  a  con- 
-mnption  of  power  not  exceeding  the  specified 
amount.  He  may.  therefore,  very  reasonably 
desire  to  test  the  machine  either  at  his  own. 
or  the  maker's  works,  to  see  that  these  condi- 
tic'Us  are  fulfilled.  To  do  this,  the  air  pressure 
obtained  is  easily  measured  by  a  suitable 
gauge.  The  horse-power  absorbed,  also,  is 
found  l)y  taking  indicator  cards  from  the 
steam  cylinders  in  the  case  of  a  steam-driven 
compressor,  or  by  electrical  measuring  instru- 
ments, when  the  machine  is  to  be  driven  by  an 
electric  motor.  The  only  difficulty  is  the  meas- 
urement of  the  quantity  of  air  compressed, 
and  the  easiest  and  most  reliable  way  of  doing 
this  is  by  means  of  a  suitable  receiver,  the  ca- 
jiacity  of  which  has  been  carefully  calibrated. 
But  here  a  difficulty  presents  itself.  It  is  quite 
usual  to  discharge  the  air  into  one  receiver. 
noting  the  time  which  is  taken  in  raising  the 
pressure  of  the  air  from  that  of  the  atmo- 
sjihere  to  the  required  final  pressure.  It  will 
easily  be  seen  that  this  is  not  a  test  under 
])ractical  working  conditions,  insomuch  as  the 
quantity  of  air  measured  in  the  receiver  has 
not  all  been  discharged  at  a  constant  pressure, 
and  that  the  specified  final  one  desired.  Foi, 
ot  the  start,  the  compressor  is  only  discharg- 
ing against  atmospheric  pressure,  and  it  is  not 
until  the  test  is  completed  that  it  has  to  pump 
against  the  maximum  working  pressure.  The 
horse-power  absorbed  will,  therefore,  vary 
throughout  the  whole  period  of  time  required 
to  raise  the  pressure  in  the  receiver  to  the  re- 
quired intensitj.  However,  this  method  of 
ascertaining  the  actual  output  from  a  compres- 
sor is  very  generally  adopted,  and  it  is  pointed 
out  that,  if  the  horse-power  measurements  are 
taken  at  a  moment  approaching  the  end  of  the 
lest,  fairly  accurate  results  are  obtained.  But 
quite  apart  from  the  (piestion  of  power  con- 
sumption, it  is  not  an  accurate  test  of  the  act- 
ual volumetric  capacity  of  the  machine,  and  it 
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is  quite  possible  that,  while  a  compressor  will 
deal  with  the  requisite  volume  of  air  when 
tested  under  these  conditions,  it  would  fail  to 
do  so  if  the  discharge  had  to  be  maintained 
continuous!}',  during  the  test  against  the  max- 
imum working  pressure.  For,  during  the  com- 
mencement of  the  trial,  when  the  receiver 
pressure  is  low,  none  of  the  most  active  causes 
of  loss  in  volume  come  into  full  force.  The 
heating  of  the  air  is  neglible  at  low  pressures, 
as  is  also  the  leakage  past  the  valves,  etc. 
Again,  at  higher  pressures,  the  loss  of  volume 
due  to  the  re-expansion  of  the  air  imprisoned 
in  the  clearance  spaces  has  a  greater  eflfect. 
It  is  almost  un-necessary  to  labour  these 
points,  and  it  may  be  assumed  that  the  right 
way  to  carry  out  a  test  is  to  measure  the  air 
in  a  receiver  which  has  been  filled  against  the 
maximum  working  pressure,  this  pressure  re- 
maining constant  during  the  whole  period  of 
the  test.    This  may  easily  be  done  by  means  of 


y)  Gauge 
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MEASURING   AIR  OUTPUT. 

two  receivers  in  series,  as  shown  in  the  ac- 
companying diagram.  The  discharge  from  the 
compressor  is  led  first  into  the  receiver  A, 
which  is  filled  with  air  until  the  gauge  attached 
reads  the  required  pressure,  the  valve  C  be- 
ing closed  meantime.  As  soon  as  this  pres- 
sure is  reached  in  A,  the  valve  C  is  opened 
just  sufficiently  to  maintain  this  pressure.  The 
amount  of  opening  at  C  will  then  be  just  suf- 
ficient to  pass  the  full  disc|;iarge  of  the  com- 
pressor, which  will  flow  into  the  second  re- 
ceiver B ;  the  time  being  noted  between  the 
opening  of  the  valve  C  and  the  moment  when 
the  gauge  on  receiver  B  also  indicates  the 
specified  pressure.  This  will  give  the  time  oc- 
cupied in  filling  this  receiver,  the  capacity  of 
which  is  known,  against  a  constant  and  pre- 
determined pressure.  From  this  it  is  a  matter 
of  simple  calculation  to  obtain  the  rate  of  dis- 
charge from  the  compressor.  By  means  of 
opening  additional  discharge  valves  on  A  and 


B,  and  closing  valve  C,  B  may  be  emptied,  and 
when  the  pressure  of  its  contents  has  fallen 
to  that  of  the  atmosphere,  it  may  be  refilled, 
and  the  test  repeated  as  many  times  as  may  be 
thought  necessary.  With  care  in  manipulat- 
ing the  valves,  any  serious  alteration  of  the 
discharge  pressure  can  be  avoided,  so  that 
measurements  of  power  consumption  can  be 
taken  continuously,  and  a  full  load  test  of  the 
compressor  extended  over  several  hours.  The 
only  objection  to  this  method  of  testing  is  that 
of  the  cost  of  providing  two  receivers,  but  it 
will  be  seen  that  the  first  vessel  A  need  only 
be  large  enough  to  ensure  a  steady  pressure 
reading,  and  even  a  sufficient  length  of  piping 
will  serve.  The  final  receiver  B  should  be  as 
large  as  can  be  arranged  for,  to  ensure  ac- 
curacy of  results,  and  should  be  carefully  cali 
brated. 

It  need  not  be  pointed  out  that  the  volume 
of  air  at  the  working  pressure  to  be  measured 
must  be  calculated  from  the  free  air  volume 
specified  for  the  compressor,  and  the  usual 
corrections  made  for  temperature.  A  sugges- 
tion will  at  once  present  itself,  namely,  that 
the  valve  C,  between  the  two  receivers,  is  em- 
pirically adjusted  to  given  an  orifice  capable 
of  just  passing  the  required  volume  of  air 
which  is  flowing  from  the  first  receiver  under 
the  specified  working  pressure.  It  would, 
therefore,  be  quite  practicable  to  measure  the 
flow  from  a  compressor  by  means  of  an  orifice 
of  calculated  area  at  the  outlet  of  the  first  re- 
ceiver. This  is,  in  fact,  sometimes  done.  In 
order  to  calculate  the  area  of  this  orifice  cor- 
rectly, the  coefficient  for  the  jet  must  be 
known,  as  in  the  case  of  measuring  the  flow  of 
water  over  a  weir.  Unfortunately,  there  do 
not  appear  to  be  any  data  available  for  this 
purpose,  and  it  would  require  some  experi- 
mental tests  to  obtain  the  necessary  informa- 
tion 

There  is  one  other  point  worthy  of  note  in 
connection  with  the  testing  of  air  compressors 
That  is  the  measurement  of  the  power  con- 
sumption at  light  loads.  Owing  to  the  fact 
that  an  air  compressor  frequently  works  a 
great  part  of  its  working  life  at  a  load  con- 
siderably less  than  its  full  rated  capacity,  it  is 
very  important  that  such  a  machine  should  be 
economical  at  light  loads.  A  compressor  may 
take  very  little  power  to  drive  it  when  deliv- 
ering the  full  specified  quantity  of  air,  and  at 
the   same   time   be   extravagant   of   power   on 
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light  loads,  witli  the  result  that  it  will  prove 
to  be  uneconomical  in  ruiniing  on  the  average 
load  under  working  c  (Miditions.  It  is,  there- 
fore, advisable  that  the  buyer  should  obtain  a 
guarantee  of  power  consumption  at  light 
load,  and  carefully  test  the  machine  at  vary- 
ing loads. 


£Ai_e. 


LOST  MOTION  IN  ROCK  DRILLING 

BY   LETSON    BALLltT. 

The  energy  delivered  by  the  human  power 
plant  is  far  more  expensive  per  horsepower 
hour  than  that  delivered  by  the  mechanical 
power  plant. 

There  are  many  expert  mathematicians 
among  the  mining  engineers,  but  if  we  assign 
a  problem  asking  what  per  cent,  of  the  mo- 
tions made  by  the  human  power  plant  are  lost 
or  wasted  motions,  we  fear  that  there  are  few 
who  can  solve  the  problem. 

The  lost  motions  and  wasted  energy  of  the 
human  power  plant  are  not  only  fatiguing,  but 
mentally  discouraging  to  the  workers.  Efforts 
without  result  are  heart-breaking  to  the  work- 
man. No  man  can  accomplish  the  same  amount 
of  work  when  he  is  discouraged  as  when 
every  motion  counts.  It  is  the  question  of  re- 
sults that  makes  his  labor  efficient  or  ineffi- 
cient. 

Mining  is  now  prosecuted,  almost  entirely, 
by  means  of  machine  drills,  and  we  will  admit 
that  they  have  a  great  advantage  over  hand 
drilling,  but  the  manufacturers  of  machine 
drills  have  rested  content  with  the  primary  ar- 
rangement apparently  without  attempting  to 
bring  out  anything  more  convenient. 

ROCK    DRILL    INEFFICIENCIES, 

One  excessively  inefficient  point  of  the  ma- 
chine drill  is  the  feed-screw  operated  by  a 
crank  from  behind  the  drill  which  keeps  the 
machine  operator  from  4  to  6  ft.  away  from 
his  work.  This  disadvantage  is  serious  when 
machines  are  to  be  operated  by  one  man. 

As  a  matter  of  graphic  illustration  a  chart 
has  been  prepared  showing  the  foot  of  the 
jack  bar  on  its  foot  block,  while  the  diagram 
which  accompanies  it  shows  the  path  of  the 
operator  in  his  trips  around  the  drill  column. 
Part  of  the  time  he  had  to  crawl  under  the 
drill  arm,  or  the  air  hose,  and  part  of  the  time 
he  went  the  other  way  around.  Of  course,  it 
would  make  it  easier  walking  if  he  were  pro- 
vided with  a  large  rubber  mat  to  surround  the 
jack   bar.   but    it    wouldn't    eliminate    the    lost 


motions.  It  would  seem  that  if  the  drill  was 
so  designed  that  the  cranking  could  be  done 
from  the  forward  side  of  the  shell,  or  from 
beneath  the  chuck,  that  several  hours  of  time 
could  be  saved  that  are  now  spent  traveling 
around  the  jack  bar.  This  travel  around  the 
jack  bar  ordinarily  means  from  3  to  5  steps, 
or  perhaps  a  distance  of  8  or  10  ft.  of  actual 
travel  each  way. 

THE    DRILL     RUNNERS     TRAVELS. 

Let  us  assume  that  the  driller  goes  forward, 
or  changes  sides  25  times  in  8  hours,  moving 
a  distance  of  8  ft.  with  each  change  while  put- 
ting in  a  round  of  10  or  12  holes  in  hard 
ground.  This  includes  changing  steel,  tighten- 
ing chuck  nuts,  releasing  drills  that  stick  in 
the  holes,  throwing  water  with  a  can  or  dip- 
per into  the  hole,  adjusting  hose  connections 
or  water  feeds  of  some  kind,  throttling  and 
cranking  the  machine,  etc. 

Seventy-five  trips  around  the  machine  8  ft. 
each  way,  or  16  ft.  for  the  round  trip,  com- 
putes nearly  a  quarter  of  a  mile  of  travel 
over  hose  and  blocking,  stooping  under  the 
drill  or  the  arm,  etc  The  question  is :  Why 
don't  you  take  up  some  of  that  quarter  mile 
of  lost  motion  if  you  are  so  particular  about 
a  sixty-fourth  of  an  inch  in  the  crank  pin  of 
an  engine  or  compressor? 

If  you  are  in  doubt  as  to  the  accuracy  of 
these  figures,  take  a  piston  drill  into  a  hard 
face,  say  nothing  to  the  operator,  but  check 
up  his  lost  motions  in  traveling  around  the 
column  from  the  set-up  to  the  tear-down,  and 
see  for  yourself  the  chart  vou  can  make 
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Use  a  stop-watch  and  see  how  much  time 
he  uses  in  changing  position.  Notice  the  num- 
ber of  times  he  hammers  the  drill  steel  with 
the  chuck  wrench  to  release  it  when  it  sticks, 
while  if  he  was  standing  alongside  of  the 
steel  he  could  keep  cranking  and  hammer- 
ing at  the  same  time. 

ScME      HORSE-POWEK     FIGUKES. 

You  are  paying  perhaps  from  i  to  5  cents 
a  horse-power  hour  for  steam,  gasoline  or 
electric  power,  and  3'ou  make  strenuous  efforts 
to  save  a  fraction  of  an  inch  of  lost  motion. 
You  are  paying  50  cents  per  man-power  hour. 
and  waste  a  quarter  of  a  mile  of  lost  motion. 

If  33,000  ft.  lb.  per  minute  equals  i  h.  p.,  we 
will  take  the  actual  work  of  loading  a  car  to 
figure  how  much  horse-power  the  average  man 
develops.  One  man  loading  a  i-ton  car  raises 
150  shovelfuls  of  muck  to  a  height  of  4  ft., 
and  loads  the  car  in  10  minutes.  Thus  tlie 
ijKin  lifts  2.000  lb.  4ft..   equaling  8.000  ft.    lbs. 

This  would  be  practically  one-fourth  of  a 
horse-power  if  done  in  one  minute,  but  as  it 
took  10  minutes  the  man's  working  rate  was 
one-fortieth  of  i  horse-power.  Under  the 
conditions  existing  in  most  mines  the  human 
labor  actually  figures  about  one-fortieth  of  a 
horse-power,  and  if  paying  the  man  50  cents 
an  hour.  c>r  $4  a  da}-,  the  human  power  plant 
is  costing  $20  per  horse-power  hour. 

Now  the  question  arises :  Wh}^  do  you  fig- 
ure your  mechanical  power  down  to  a  lew 
cents  per  horse-power  and  struggle  to  save 
a  fraction  of  an  inch  of  lost  or  wasted  motion, 
\.'bile  you  allow  miles  of  lost  motior  in  the 
human  power  plant  where  the  power  costs  $20 
I-er  horse-power  hour? 

This  article  is  frankly  aimed  at  the  drill 
manufacturers,  calling  attention  to  the  in- 
creased efficiency  they  could  develop  if  they 
would  design  their  drills  so  that  the  feed  screw 
could  be  cranked  from  the  forward  end  of  the 
shell.  This  could  be  very  simply  arranged 
through  gears,  a  worm  or  a  ratchet,  or  by  hav- 
ing a  skeleton  shell  with  the  feed  nut  low 
enough  to  allow  the  crank  to  be  turned  under- 
neath the  chuck,  or  perhaps  a  little  to  one  side. 
This  construction  is  up  to  the  drill  makers, 
and  if  the  mining  operators  will  demand  this 
arrangement  of  the  feed  screw  they  will  great- 
ly simplify  the  problem  of  the  i-man  drill, 
and  do  awav  with  chuck  tenders. 


TO    KEEP    THE    DRILLS    WORKING. 

Careful  timing  of  mounted  rock  drills,  over 
a  long  period  of  time,  shows  that  the  drills  are 
not  working  one-third  of  the  time.  Setting 
up,  shifting,  changing  steels,  getting  water, 
getting  steel,  oiling,  cleansing,  fighting  with 
stuck  drills,  tearing  down  and  blasting,  take 
up  more  than  two-thirds  of  every  drill  shift. 

The  inventive  ability  of  the  drill  makers  is 
working  upon  the  short  end  of  the  subject. 
when  they  try  to  make  improvements  that  will 
result  in  more  holes  by  faster  cutting  ma- 
chines. It  is  true  that  faster  drilling  has  some 
advantages,  but  if  a  round  of  holes  is  a  shift's 
work,""  the  reduction  of  drilling  time  to  25 
per  cent,  of  the  8  hour  shifting  simply  leaves 
75  per  cent,  of  the  shift  for  dead  work.  To 
blast  ahead  of  time  is  often  dangerous,  and 
to  wait  for  the  smoke  to  be  cleared  out  uses 
the  rest  of  the  shift,  anyway.  To  put  in  deep- 
er holes  and  blast  a  bigger  round  is  often 
more  inconvenient  than  a  shorter  round,  for 
there  is  but  little  use  in  blasting  out  more  than 
a  mucker  can  clean  up  on  his  shift. 

As  it  is  shown  that  66  to  75  per  cent,  of  the 
time  occupied  on  a  drill  shift  is  dead  work, 
performed  by  human  power,  while  S3  P^r  cent, 
of  the  time  only  is  the  machine  using  air  pow- 
er, it  would  seem  that  some  inventive  effort 
would  be  put  forth  to  make  a  quick  and  easy 
set  up,  a  quick  and  easy  method  of  changing 
steel,  and  a  quick  and  easy  method  of  shifting 
the  machine  on  the  bar. 

We  simply  cannot  see  why  so  much  effort 
is  given  to  save  a  small  part  of  the  drilling 
time,  while  no  effort  at  all  is  put  forth  to  save 
any  of  the  larger  percentage  of  wasted  time 
when  not  drilling. 

[The  above  suggestive  article,  reproduced 
in  somewhat  condensed  form  from  Mining 
World,  provokes  the  question  as  to  why  it 
was  not  written  a  few  years  earlier.  Instead 
of  trying  to  cobble  up  some  contrivance  for 
turning  the  feed  screw  by  the  other  end  as 
suggested  the  drill  builders  have  done  much 
better  than  this  and  have  given  us  air-feed 
drills,  and  the  Jackhamer  which  has  no  me- 
chanical feed  at  all  and  does  more  work  than 
any  of  them.] 


.Simultaneous  blasting  is  estimated  to  be  25 
per  cent  more  effective  in  breaking  rock  than 
the   firing  of  hole^^  consecutively. 
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CHEAPER  AND  BETTER  THAN    ACETYLENIL 

\\\  }.  V.  ^i'inN(.i:K 
I  he  Kases  coinnioiily  employed  in  uutoK*" 
nous  weUliiiK  and  cutting  are  oxygen,  acety- 
lene and  hydrogen,  all  of  which  are  expensive 
products.  The  average  cost  of  oxygen  through- 
out the  United  States  is  proI)ai)ly  not  less  than 
$0,025  P^T  cubic  foot  measured  at  atmospheric 
pressure;  the  average  cost  of  acetylene  proba- 
bly ranges  from  $0.0075  to  $0.01  per  cubic 
foot;  and  the  cost  of  hydrogen  may  safely  be 
placed  at  about  the  same  figure.  Apparently 
no  one  has  yet  devised  a  system  of  oxygen 
manufacture  that  will  enable  this  gas  to  be  in- 
expensively produced.  However,  there  ap- 
pears to  be  a  likelihood  of  heavy  reduction  in 
the  cost  of  the  fuel  gas  used  in  autogenous 
welding — not  through  a  reduction  in  the  cost 
of  acetylene  or  hydrogen,  but  through  the  dis- 
covery of  an  adequate  substitute  for  these 
gases.  This  substitute  is  a  semi-natural  gas 
obtained  from  the  waste  gas  from  oil  wells, 
and  is  known  as  "gasol.'"  It  can  be  produced 
at  about  $0,001  per  cubic  foot,  and  its  heating 
capacity  is  even  greater  than  that  of  acetylene. 
Other  things  being  equal,  this  gas  selling  for 
$0.0008  to  $0,001  per  culiic  foot  should  have  a 
considerable  advantage  over  acetylene  or  hy- 
drogen selling  at  $0,008  to  $0.01 — ten  times  as 
much. 


Name  of  Gas 


•Gasol"... 
Blau  Gas. 
Acetylene 
Hydiogen. 


[Cubic  Feet  of  Oxy- 
gen required  to  I 
burn  one  Cubic 

'.  Foot 


li 


Heat  Value  in 
B.  T.  U  per 
Cubic  Foot 


2300 

1800 

1.500 

500 


Cost  of 
1000  B.  T.  U. 


SO. 00162 

$0.00213 

$0.00217 

SO.OOS 


COMBUSTION'    FIGURES    FOR    DIFFERENT    G.\SES. 

Note :  The  above  figures  are  based  on  the 
following  prices :  oxygen,  i '  j  cent  per  cubic 
foot;  "gasol."  10  cents  per  pound;  blau  gas, 
10  cents  per  pound;  carbide,  $70  per  ton:  and 
hydrogen,   i    cent   per  cubic    foot. 

In  addition  to  the  advantage  in  price,  there 
is  an  economy  in  handling  this  new  fuel  gas. 
It  is  collected  at  the  point  of  origin  and  com- 
pressed into  liquid  form,  the  liquid  gas  being 
shipped  to  the  user  in  a  suitable  steel  contain- 
er. As  the  weight  of  the  liquid  gas  in  a  con- 
tainer is  equal  to  the  weight  of  the  container, 
an  economy  is  effected  in  transportation  costs. 
The   gas   issuing    from   the  o\\   well,    which    is 


collected  and  comp  1, 

ii  of  variable  conii  is 

percentages  of  hydro-carbon  gases  The  con- 
stituents of  a  typical  <>am|>le  of  the  crude  gas 
as  collected  at  the  oil  well  include  gases  known 
as  methane,  hexane,  butane,  propane,  and 
ethane  mixed  with  more  or  less  water  and 
\apor.  These  constituents  of  the  crude  gas 
may  be  liquefied  by  the  application  of  various 
amounts  of  pressure,  the  temperature  remain- 
ing the  same ;  or  they  may  be  brought  to  the 
liquid  form  by  reductions  in  temperature,  when 
the   pressure    remains   constant. 

-Ml  the  gases  with  the  exception  of  methane 
may  be  liquefied  by  the  application  of  a  moder- 
ate pressure  under  ordinary  temperature  con- 
ditions. But  at  ID  degrees  F.  it  requires  a 
pressure  of  2700  pounds  per  square  inch  to 
liquefy  methane,  and  this  is  obviously  beyond 
commercial  possibilities.  At  the  maximum 
temperature  which  the  gas  will  encounter  dur- 
ing transportation,  the  pressure  necessary  to 
bring  about  the  liquefaction  of  methane  is 
impractical.  The  expense  of  the  container 
would  either  be  prohibitive  or  there  would  be 
a  constant  danger  of  the  container  exploding. 
These  considerations  make  it  necessar>'  to 
eliminate  the  methane  from  the  crude  gas  be- 
fore it  is  liquefied,  and  as  the  heating  value  of 
methane  is  considerably  below  that  of  hexane, 
butane,  propane  or  ethane,  the  elimination  of 
the  methane  results  in  the  production  of  a 
residual  gas  of  higher  heating  value.  How- 
ever, the  heating  value  of  methane  is  not  to 
be  despised,  and  this  gas  is  used  in  the  locality 
where  the  residual  gas  is  liquefied 

By  applying  a  pressure  oi  from  850  to  900 
pounds  per  square  inch  to  the  residual  gas  at 
ordinary  temperature,  the  gas  will  be  brought 
to  the  liquid  condition.  This  pressure  can  be 
readily  obtained  in  practice  and  the  cost  of 
containers  which  will  safely  withstand  the 
pressure  of  the  gas  is  not  excessive.  The  li- 
quid gas  has  a  specific  gravity  of  about  0.5.  or 
«Mie-half  that  of  water.  One  quart  of  the  li- 
quid weighs  about  i  pound  and  produces  ap- 
proximately ID  cubic  feet  oi  gas.  The  con- 
tainers in  which  the  gas  is  shipped  weigh  ap- 
proximately 100  pounds  and  have  a  capacity 
for  100  pounds  of  the  liquid ;  accordingly, 
they  hold  approximately  1000  cubic  feet  of 
gas.  which  has  a  total  heating  value  of  about 
j.ooo,ooo  B    T.  l\ 

Xatural    gas    requires     an    unusually    large 
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amount  of  oxygen  for  its  combustion,  but  the 
gas  evolved  from  the  "gasol"  liquid  contained 
in  the  cylinders  requires  still  more  oxygen  for 
its  complete  combustion.  As  a  result,  it  will 
be  evident  that  the  burner  of  the  welding 
torch  must  be  designed  to  deliver  a  higher 
amount  of  oxygen  relative  to  the  fuel  gas 
than  is  the  case  where  acetylene  is  used.  At 
first  thought,  it  may  appear  that  the  relatively 
higher  consumption  of  oxygen  will  largely  off- 
set the  advantage  of  the  lower  cost  of  the  fuel 
gas.  This  is  not  the  case,  however,  as  less  of 
the  liquid  gas  is  used  to  do  a  given  amount  of 
work  because  its  heat  value  is  relatively  high- 
er than  that  of  acetylene.  A  further  economy 
would  also  be  effected  through  saving  the  first 
cost  and  maintenance  expense  of  an  acetylene 
generating  plant.  In  the  event  of  this  substi- 
tute for  acetylene  finding  wide  application,  the 
manufacturers  of  cutting  and  welding  equip- 
ments would  not  be  seriously  affected,  as  es- 
sentially the  same  type  of  apparatus  could  be 
used.  No  doubt  it  would  be  necessary"  to 
make  certain  modifications  in  design,  a  case  in 
point  being  in  respect  to  the  relative  cross-sec- 
tional areas  of  the  oxy.^en  and  gas  ducts  in 
the  torch,  but  aside  from  changes  of  this  na- 
ture, the  welding  and  cutting  of  metals  with 
"gasol"  would  be  the  same  as  when  acetylene 
is  used. — Machinery. 


CEREAL  DUST  EXPLOSIONS 

BY    D.WID   J.    PRICE.* 

A  total  of  19  explosions  that  have  occurred 
during  the  past  10  years  have  been  carefully 
studied  and  investigated,  with  a  view  to  de- 
termining the  causes  and  circumstances  under 
which  they  occurred.  Of  tlie  19  explosions  re- 
ferred to,  II  have  taken  place  since  this  work 
began  in  August,  1913.  Since  we  have  a  rec- 
ord of  only  8  explosions  of  this  nature  from 
1905  to  1913,  and  a  larger  number  in  the  short 
period  from  August,  1913,  to  the  present  time, 
we  may  reasonably  conclude  that  the  recent 
occurrences  have  been  given  special  notice 
and  attention  since  the  study  began,  or  that 
modern  advanced  and  improved  mills  are  ex- 
periencing more  occurrences  of  this  nature 
at  this  time. 

It  is  reported  that  as  a  result  of  these  ex- 
plosions at  least  80  men  were  killed  and   125 


♦Engineer  Bureau  of  Chemistry,  U.  S.   De- 
partment of   Agriculture. 


injured,  with  a  property  loss  exceeding  $2,000,- 
000. 

SUPPOSED    CAUSES    OF    THE    EXPLOSIONS. 

The  establishing  of  a  direct  cause  of  a 
cereal-dust  explosion  by  investigation  directly 
following  the  occurrence  has  been  found  in 
some  cases  to  be  extremely  difficult,  while  in 
others  certain  lines  were  distinctly  defined  and 
definite  causes  could  be  fairly  well  determined. 
The  result  has  been  that  in  a  large  number  of 
cases  the  cause  could  not  be  definitely  estab- 
lished. 

Eight  explosions  were  thought  to  have  orig- 
inated from  sparks  produced  in  the  machine 
during  the  grinding  process,  one  was  attrib- 
uted to  production  of  static  electricity,  and  in 
the  remaining  10  occurrences  it  was  not  possi- 
ble to  establish  a  definite  cause  of  the  origin. 

Although  ,it  has  been  claimed  that  sparks 
produced  by  foreign  matter  in  the  grain  fed 
to  the  grinders  might  not  possibly  be  sufficient 
to  ignite  the  dust,  the  evidence  in  the  majori- 
ty of  cases  referred  to  was  conclusive  as  to 
this  particular  cause.  In  order  to  definitely 
determine  the  relation  of  the  sparks  produced 
in  this  manner  and  a  suspended  dust  cloud, 
an  experimental  mill  has  already  been  erected 
at   Pennsylvania   State   College. 

It  is  not  possible  to  state  at  this  time  what 
effect  a  high  ash  content  has  upon  the  inflam- 
mability of  "cereal  dusts,"  for  no  work  has  yet 
been  done  along  this  line ;  but  it  has  already 
been  found  that  elevator  dusts  with  as  high  as 
16  per  cent,  of  ash  are  very  inflammable  and 
develop  high  pressures  on  ignition. 

From  the  investigations  already  conducted 
relative  to  the  causes  of  cereal-dust  explo- 
sions that  have  occurred  in  recent  years  in 
this  country  and  abroad  the  following  causes 
may  be  advanced : 

1.  Introduction  of  foreign  materials  into 
grinding  machines. 

2.  Use  of  open  lights  or  naked  flames,  such 
as  oil  lamps,  torches,  gas  jets,  lanterns,  can- 
dles, matches,  etc. 

3.  Property  fires. 

4.  Electric  sparks  from  motors,  fuses, 
switches,  lighting  systems. 

5.  Static  electricity  produced  by  friction  of 
pulleys  and  belts,  machinery  parts,  grinding 
machines,  revolving  reels,  etc. 

STATIC  ELECTRICITY. 

The  first  four  causes  given  may  possibly  be 
generally  accepted  but  the  advancement  of  the 
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last     laust,     Maiiicly.       statu     t-lcctricity"     has 
opfiK'd,  as  it  w(Tf,  a  nrw  lirld 

III  Septcnihrr.  1913.  oil  a  dry  frosty  morn- 
ing ill  early  fall  two  slight  explosions  occurred 
in  separate  plants  in  Western  New  York,  at  a 
time  when  the  feed  had  been  shut  off  from 
certain  grinding  machines.  The  occurrences 
took  place  after  considerahle  lapse  in  time  af- 
ter the  streatii  of  grain  had  stopped  entering 
the  machines.  The  possibility  of  "static  elec- 
tricity" being  produced  by  the  operation  of 
the  revolving  plates  of  a  machine  suggested 
itself  in  a  very  preliminary  way  at  the  time  of 
these  occurrences. 

Although  up  to  that  time  experiment.s  iiad 
not  been  conducted  to  determine  whether 
cereal  dusts  could  be  ignited  in  this  manner,  it 
was  found  by  experiment  that  sufficient  static 
electricity  could  be  produced  by  friction  of  a 
very  small  pulley  and  belt  to  readily  ignite 
natural  gas.  It  was  learned  at  this  time  that 
a  milling  company  in  the  South,  engaged  in 
grinding  cotton-seed  cake  into  meal,  after  ex- 
periencing a  series  of  explosions,  had  prevent- 
ed a  repetition  of  previous  occurrences,  by 
grounding  the  grinding  machines,  by  means 
of  a  wire  connected  to  a  rod  driven  in  the 
ground  nearby.  This  confirmed  the  original 
theory  and  indicated  the  practical  success  of 
a  grinding  device  of  this  kind. 

The  possibility  of  static  electricity  as  a 
source  of  cereal-dust  ignition  was  very  clearly 
established  by  an  explosion  in  the  dextrine  de- 
l)artment  of  a  starch  factory  in  one  of  the 
Eastern  States  in  September.  1914.  The  origin 
of  the  explosion  was  traced  to  the  production 
of  static  electricity  by  friction  of  particles  of 
dextrine  on  80-mcsh  brass  gauze  surrounding 
a  revolving  reel.  This  reel  was  only  revolv- 
ing at  the  rate  of  16  revolutions  per  minute  at 
the  time  of  the  explosion. 

It  is  of  very  great  interest  to  note  in  con- 
nection with  this  explosion  that  the  company 
had  grounded  this  reel  to  an  overhead  sprink- 
ling system  at  the  time  of  this  explosion  it 
was  found  during  the  investigation,  however, 
that  the  connection  was  made  from  the  jour- 
nal box.  and  that  a  heavy  film  of  fresh  oil 
surrounded  the  shaft.  This  was  thought  to 
have  served  to  insulate  the  shaft  and  allow 
the  static  to  accumulate  within  the  reel  until 
there  was  sufficient  charge  to  ignite  the  dex- 
trine dust. 

It   has    recentl.N'    been    touiul    l>y   an    English 


s(  K-ntist  that  li  .1  « loud  of  (lu»t  i.s  blown 
against  an  insulated  conductor  (a  wire  for 
instance)  the  wire  liecomes  charged  with 
electricity,  anfl  under  certain  conditions  it  may 
become  so  bij/liK  rhartrcd  as  to  vwc  off 
sparks 

M(»W     DUbT     FXPW)SIONS     ARE     POSSIBLE. 

It  has  been  difficult  for  many  to  understand 
in  what  manner  a  dust  explosion  can  occur 
without  the  presence  of  inflammable  gas  at  the 
time  of  ignition.  We  may  be  able  to  simplify 
the  explanation  by  stating  that  we  might  try 
for  some  time  with  great  difficulty  to  burn  a 
block  of  wood  with  a  lighted  match.  If  we 
take  a  knife  and  chip  the  block  the  shavings 
will  ignite  more  quickly.  We  might  make  ex- 
celsior of  the  block  and  would  find  it  would 
ignite  still  m<>re  readily,  and  so  on  by  gradual 
reduction  to  a  degree  of  fineness  until  dust  is 
produced,  when  we  find  that  the  mass  will 
burn  rapidly  when  in  suspension  and  diffu- 
sion with  air. 

The  predominating  factor  which  determines 
the  inflammability  of  a  dust  and  the  action  of 
a  dust  explosion  has  not  been  determined.  A 
number  of  theories  have  been  advanced,  in- 
cluding the  amount  of  volatile  matter  in  the 
various  dusts,  together  with  the  percentage  of 
moisture  and  ash  ;  the  rate,  or  ease,  of  oxida- 
tion and  the  degree  of  fineness  of  the  dust.  All 
these  have  no  doubt  a  marked  relation  to  the 
action  and  nature  of  a  dust  explosion,  and  are 
at  present  receiving  careful  attention  from 
the  chemists  experimenting  along  this  line. 

PROPORTIONS    OF    THE    EXPLOSION     MIXTURES. 

Since  experiments  have  shown  that  the 
cereal  dusts  will  ignite  and  propagate  a  flame, 
it  will  be  of  interest  to  consider  the  question 
of  the  amount  of  dust  necessary  to  propagate 
a  flame.  In  some  of  the  experiments  the  dust 
was  diffused  in  the  proportion  of  .035  ounce 
per  cubic  foot  of  air  space,  and  high  pressures 
developed  with  the  mixtures.  To  obtain  the 
same  proportion  of  dust  and  air,  producing 
a  mixture  as  inflammable  as  used  in  these  ex- 
periments, it  would  be  necessary  to  have  only 
about  10  pounds  of  the  dust  in  a  closed  room 
10  ft.  by  30  ft    by  15   ft. 

E.XPERIMENTAL    EXPLOSIONS. 

It  is  interesting  to  note  at  this  time  that, 
following  the  explosion  in   Minnesota  in  1878. 
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Profs.  Peck  and  Peckham  found  that  2 
ounces  of  flour  dust  diffused  with  2  cubic  feet 
of  air.  when  ignited  in  a  box  with  flame,  would 
produce  an  explosion  sufficient  to  lift  two  men 
standing  on  the  cover.  It  has  been  calculated 
that  a  sack  of  flour  suspended  as  dust  in  4,000 
cubic  feet  of  air  (a  room  20  by  20  by  10  f  t.  ^ 
when  ignited  would  generate  sufficient  force 
to  throw  2.500  tons  100  feet  high. 

Explosions  have  been  produced  at  the  Pitts- 
burgh Testing  Station  of  the  Bureau  of  Mines 
when  there  was  only  .o.u  ounce  of  coal  dust 
suspended  in  each  cubic  foot  of  air.  or  i  pound 
in  500  cubic  feet.  In  order  to  produce  com 
bustion  it  takes  all  of  the  oxygen  in  i  cubic 
foot  of  air  to  completely  burn  .123  ounce  of 
the  dust  used.  In  France  ignition  was  ob- 
tained in  one  instance  with  as  low  a  weight  as 
.023  ounce  of  coal  dust  per  cubic  foot,  while 
at  the  German  Testing  Station  ignitions  have 
been  obtained  when  .04  ounce  of  coal  dust 
was  suspended  in  i  cubic  foot  of  air. 

Preliminary  experiments  have  shown  that 
many  cereal  dusts  have  relatively  a  lower  ig- 
nition temperature  ?nd  produce  higher  pres- 
sures than  the  coal  dusts.  We  might  there- 
fore conclude  that  the  explosive  limits  would 
be  lower  with  cereal  dusts  than  the  figures  giv- 
en  for  coal  dust. 


REMARKABLE  CAVE  IN  COPPER  MINE 

The  Michigan  College  of  Mines  has  re- 
ceived a  beautiful  collection  of  minerals  from 
the  celebrated  Shattuck  Cave,  near  Bisbee, 
Arizona,  one  of  the  seven  wonders  of  the 
mining  world.  This  cave  was  opened  in  1913 
by  a  drift  on  the  third  level  of  the  Shattuck 
Mine.  When  the  miner  who  had  l)een  drift- 
ing in  this  part  of  the  level  returned  one 
night  after  a  heavy  blast,  he  found  that  the 
working  face  had  entirely  disappeared  and 
that  before  him  was  a  great  opening  reaching 
farther  than  his  light  would  shine.  Looking 
upward  he  could  see  tiny  lights  flashing  and 
believing  that  they  were  stars  he  ran  back 
to  the  shaft,  declaring  that  he  had  blasted  a 
hole  clear  through  to  surface. 

Mine  officials  investigated  at  once  and 
found  that  a  great  natural  cavern  had  been 
opened  up,  circular  in  shape.  340  feet  in  di- 
ameter and  175  feet  high.  It  was  a  virtual 
fairyland    of    beauty,    myriads    of    crystals    in 


the  roof  reflecting  back  the  lights  from  the 
miners'  lamps.  Walls,  roof  and  floor  were, 
covered  with  great  clusters  of  crystals,  and 
near  the  center  of  the  cavern  a  cluster  of 
stalactites  hung  from  the  ceiling  in  the  form 
of  a  great  chandelier  40  feet  long.  The  crys- 
tals were  for  the  most  part  i)ure  white,  but 
in  places  where  the  filtering  waters  had  con- 
tained iron  and  copper,  the  beauty  was  en- 
hanced b}'  great  transparent  stalactites  and 
stalagmites,  some  ruby  red,  others  a  clear 
emerald  green  or  azure  blue. 

The  mining  company  illuminated  the  cave 
with  electricity  and  has  allowed  thousands  of 
visitors  the  privilege  of  seeing  it.  It  is  be- 
cause the  mine  operators  have  now  found  it 
necessary  to  fill  the  cave  with  waste  rock  that 
the  Shattuck-Arizona  Mining  Company  sent 
tlie  specimens  to  the  College  of  Mines. 


ASPHYXIATINQ  GASES  IN  CIVILIZED 
WARFARE 

Our  esteemed  contemporary  Lc  Genie  Civil 
gives  an  exceedingly  interesting  article  on  the 
use  by  the  Germans  of  asphyxiating  gases,  and 
of  the  means  which  have  been  taken  to  ren- 
der this  form  of  attack  harmless.  Our  con- 
temporary points  out  that  the  use  of  these 
gases  is  contrary  to  Article  2ji>  ( a.)  of  the 
Hague  Convention.  Init  adds  that  the  enemy 
had  previously  and  by  official  command  broken 
the  prescriptions  of  that  convention,  since  in 
the  early  months  of  the  war  he  had  not  hesi- 
tated to  employ  jets  of  burning  liquid  in  num- 
erous actions.  It  appears  that  the  Germans 
had  i)reparedN:orps  of  men  specially  instructed 
in  the  use  of  these  discreditable  methods  of 
warfare.  But.  adds  our  contemporary,  suc- 
cess does  not  always  attend  the  use  of  the 
gases,  in  one  case,  at  any  rate,  they  were 
blown  hack  into  the  trenches  whence  they  had 
come,  and,  moreover,  they  depend,  in  order 
to  be  effectively  employed,  on  the  conjunction 
of  several  circumstances.  But  that  their  use 
has  not  had  more  far-reaching  results  than  is 
actually  the  case  has  been  because  of  the  in- 
vestigations which  were  immediately  com- 
menced by  the  Ikdgian,  British  and  French  au- 
thorities, and  which,  if  they  did  not  reveal  the 
exact  nature  of  the  gases  employed,  have  at 
any  rate  pointed  out  the  way  to  combat  their 
ill -effects  and  very  largely  to  reduce  their 
power  of  doing  damage. 
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III  (lis^•lls^iIlJ<  tin-  iiatuif  nt  tlu*  K'^Sfs  us«'M. 
It  is  stated  that.  jUflKiiiK  by  tlirir  properties 
and  the  character  of  their  effects,  there  is  not 
much  douht  that  the  chief  constituent  is 
chlorine  It  is  extremely  probable,  however, 
that  bromine,  formaldehyde,  nitric  oxide,  anrl 
sulphur  dioxide  ha\e  also  bicn  employed;  but 
apparently  chlorine  has  been  used  in  the  great- 
est bulk.  The  gases  have  been  discharged 
against  the  Allies  in  several  different  ways: — 
(i)  Ry  lighting  fires  in  front  of  the  German 
trenches  and  burning  on  them  substances 
which  would  give  off  noxious  fumes;  (2)  by 
letting  tile  gases  escape  from  cylinders  in 
vvhicii  they  were  stored  under  pressure;  and 
in  this  connection  it  is  stated  that  the  price 
of  liquid  chlorine  in  Germany  in  ante-war 
times  was  from  55f.  to  Ssf.  per  kilogramme, 
which  represents  about  20s.  to  30s.  per  pound, 
so  that  some  idea  of  the  cost  of  a  gas  attack 
may  be  formed;  (3)  by  throwing  either  In- 
hand  or  by  means  of  catapults  glass  vessels 
containing  compressed  gases;  and  (4)  by  hurl- 
ing from  guns  a  kind  of  bomb  furnished  prob- 
ably with  a  fuse,  which  exploded  on  touching 
the  ground,  and  let  free  the  gases  which  had 
been  compressed  inside  the  bomb.  It  does  not 
appear  that  up  to  the  present  projectiles  of 
this  nature  have  been  employed  in  long  range 
guns.  The  Germans  have  made  extensive  use 
of  the  first  two  methods,  and  particularly  of 
the  second.  The  cylinders  for  containing  the 
gases  are  of  steel,  about  25  cm.  in  diameter 
and  from  1.2  m.  to  1.35  m.  long.  The}^  are 
furnished  with  a  metallic  discharge  tube  20 
mm.  in  diameter  and  from  1.6  m.  to  1.8  m. 
long,  this  pipe  or  tube  being  given  near  its 
extremity  a  right-angled  bend,  so  that  when 
the  cylinder  is  placed  vertically  the  bent  por- 
tion of  the  tube  is  horizontal.  A  cock  is  placed 
at  the  juiicticMi  of  the  cylinder  and  the  tube  so 
as  to  control  the  mission  of  the  gases,  and  the 
weight  of  the  cylinder,  pipe,  etc.,  is  from  60 
kilos,  to  65  kilos. — i.  e.,  from  130  lb.  to  140  lb 

The  Germans  arc  accustomed  to  arrange 
these  cylinders  upright  in  their  trenches,  with 
the  bent  tubes  pointing  in  the  directi(Mi  of  the 
Allies  lines,  the  tubes  just  coming  above  the 
level  of  the  ground.  On  the  cocks  being  turned 
the  gases  are  forced  from  the  tubes  and  spread 
themselves  over  the  surface  of  the  ground 
since  their  density  is  greater  than  that  of  the 
air — chlorine  being  two  and  a  half-time  as 
heavy  as  air  and  bromine   five  times.     If   the 


griiund  ^lop<••.  away  frrim  the  <icrman  trench- 
es and  toward.s  those  of  the  Allies.  f>r  it  there 
is  a  gentle  wind  from  one  to  the  other,  the 
gases  roll  along  much  in  the  same  way  a*  dors 
water,  filling  uj)  all  depressions  If  the  na- 
ture (if  the  ground  (u-rmits  of  it.  the  cylinders 
are  arranged  in  groups  of  three,  four  or  more 
at   intervals  of   from  20  ni.  to  30  m 

In  order,  however,  for  the  gases  emitted  by 
this  method  to  be  really  successful,  a  variety 
of  conditions  have  to  be  fulfilled  First  of  all. 
the  wind  must  be  in  the  right  direction,  and  it 
must  not  blow  too  strongly,  or  it  will  dissi- 
pate the  gases  ;  nor  must  it  change  in  direction 
or  the  gases  may  get  blown  back  on  their  send- 
ers. Then,  again,  the  air  must  not  be  too 
moist,  for  the  gases  are  soluble  in  water  and 
are  rapidly  thrown  down  in  a  condensed  form 
on  the  ground  when  the  air  contains  much 
moisture.  It  is  certainly  not  to  l>e  regretted 
that  it  is  necessary  to  have  such  a  conjunction 
of  circumstances,  or  the  gases  might  be  more 
frequently  employed  than  they  are. 

The  cylinders  apparently  hold  enough  to 
keep  on  discharging  for  some  twenty  minutes 
at  a  time.  When  they  are  empty  they  are  sent 
t<^  the  rear  to  be  refilled.  They  are  when  in 
the  trenches  manipulated  by  special  men.  who 
are  clothed  in  a  costume  very  much  resem- 
bling that  oi  a  diver.  All  the  other  men  in 
the  trenches  are  provided  with  masks,  which 
can  readily  be  fixed  over  the  nose  and  mouth. 
the  masks  being  provided  with  cotton  pads 
impregnated  with  certain  salts  and  with  a  sa- 
line solution  which  prevents  them  from  get- 
ting dry.  It  is  argued  that  the  preparation  of 
the  apparatus  for  producing  the  gas.  the  ar- 
rangement of  the  trenches  to  receive  the  cylin- 
ders, the  organizatioit  of  the  service  in  the 
rear  for  refilling  the  latter,  the  training  o\  a 
special  corps  (^i  men,  and  the  distribution  of 
masks,  indicates  long  and  careful  preparation, 
and  that  premeditation  is  undoubted,  so  that 
the  German  explanation  that  the  use  of  gases 
was  in  the  nature  of  a  reprisal  for  the  alleged 
use  by  us  of  similar  gases  a  day  or  two  be- 
fore carries  no  weight  whatever  The  enemy 
must  have  matured  lii<  nefarious  -;eherne- 
months  beforehand. 

Turning,  then,  to  the  effects  of  tiie  gase>. 
the  article  shows  that  they  were  felt 
J  kiloms.  behind  the  front  line  trenches,  and 
the  smell  could  f>e  perceived  5  kiloms.  from 
the  point  of  discharge.     In  order  to  cause  rap- 
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id  death  it  is  explained  that  it  is  not  neces- 
sary that  the  air  should  contain  more  than 
one-thousandth  of  its  volume  of  chlorine. 
Even  if  the  proportion  is  only  one  in  one  hun- 
dred thousand  it  is  dangerous  to  breathe  the 
mixture  for  any  length  of  time.  With  still 
smaller  proportions  the  person  breathing  the 
atmosphere  is  sensibly  affected. 

Two  methods  of  dealing  with  the  gases  be- 
fore they  reach  our  trenches  are  discussed  in 
the  article.  The  first  is  that  grenades  or 
bombs  could  be  discharged  in  front  of  the 
menaced  trenches,  these  missiles  being 
charged  with  black  powder.  These,  it  is  ex- 
plained, would  have  two  effects: — (i)  They 
would  dissipate  the  cloud  of  vapours,  or  at 
any  rate  prevent  it  from  being  continuous,  and 
would  dilute  the  asphyxiating  gases  by  reason 
of  the  gases  of  explosion ;  and  (2)  their  dis- 
charge would  produce  potassium  sulphate, 
which  would  react  with  the  chlorine  or  some 
of  it  and  greatly  minimize  its  harmful  prop- 
erties. The  reaction  is  shown  in  the  following 
equation  : — 

K,  S  -^  2  CI  =3  S  +  2  K  CI. 
There  is  much  the  same  reaction  with  bro- 
mine. The  chlorides  and  bromides  formed 
would  be  harmless,  and  sulphur  is  inert.  Or. 
again,  on  the  approach  of  the  cloud  volatile  al- 
kalies might  be  sprayed  in  front  of  the  trench- 
es. Ammonia  is  taken  as  an  example.  It 
would  have  the  following  reaction : — 

4  N  Hs  -f  3  CI.  =  N  H  -I-  3  N  H  CI. 
It  is  remarked,  however,  that  ammonia  gas  is 
itself  suffocating  and  caustic,  and  would  have 
to  be  employed  with  circumspection,  while  the 
chlorohydrate  of  ammonia  resulting  from  the 
reaction  is  a  solid  body  which  would  form  a 
thick,  white  cloud,  which  would  be  a  great  deal 
more  opaque  than  the  chlorine  or  bromine 
gases. 

The  best  preservative  against  the  bad  effects 
f.f  the  gases  hitherto  discovered  consists,  it 
is  explained,  however,  in  the  employment  of 
a  respiratory  apparatus  similar  to  that  served 
out  to  the  German  soldiers.  The  first  appli- 
ance used  was  a  mask  with  a  cotton  pad  im- 
pregnated with  hyposulphite  of  soda.  The 
reaction  of  the  chemicals  is  as  follows: — 
2  S,  O3  Na^  -f  CU  =  Na,  S,  O,  +  Na  CI. 
Or.  if  the  chlorine  be  in  excess,  as  is  generally 
the  case,  the  oxidation  would  be  more  com- 
plete, and  sulphuric  acid  and  sodium  sulphate 
produced,  thus : — 


2  NaoS.Og  -f  5  CI2  -f  6  H2O  =  10  HCl  -f  2 
Na,  SO*  -\-  HaSO*  +  S. 

The  hydrochloric  acid  thus  produced  is  it- 
self a  suffocating  gas,  but  it  does  not  produce 
effects  which  are  in  any  way  comparable  with 
those  produced  by  chlorine.  Moreover,  the 
gas  would  be  largely  condensed,  if  not  in  the 
wet  cotton  wool,  then,  at  any  rate,  in  the  sal- 
iva and  would  pass  to  the  stomach,  which  is 
much  better  able  to  resist  its  effects  than  are 
the  lungs.  If  to  the  hyposulphite  were  added 
a  small  quantity  of  sodium  carbonate,  this 
would  also  be  useful  in  neutralizing  the  acids, 
but  then,  again,  carbon  dioxide  would  be  pro- 
duced. 

Quite  recently  the  mask  which  was  always 
considered  unpracticable  and  not  always  cer- 
tain in  its  action,  since  it  could  be  so  easily 
knocked  off,  has  been  replaced  by  what  is 
termed  a  "Cagoule,"  or  monk's  cowl,  which  is 
a  sort  of  sack  worn  over  the  head  under  the 
headdress,  and  which  is  provided  with  a  hori- 
zontal opening  closed  by  a  plate  of  mica,  and 
arranged  to  come  in  front  of  the  eyes.  The 
lower  part  of  the  sack  comes  down  over  the 
neck,  and  is  buttoned  in  between  the  shirt  and 
the  vest.  The  cowl,  which  before  use  is 
steeped  in  a  neutralizing  solution,  is  not  found 
in  any  way  to  interfere  with  respiration  nor 
with  the  movements  of  the  person  wearing  it. 
The  chemical  reactions  take  place  over  the 
whole  of  its  surface,  which  is  large,  the  latter 
fact  constituting  a  great  advantage  over  the 
mask.  The  impregnating  solution  consists  not 
only  of  hyposulphite  and  carbonate  of  soda 
but  also  a  little  glycerine  to  keep  the  chemicals 
moist. — The  Engineer,  London. 


The  rescue  squad  of  the  New  York  fire 
department,  operating  pulmotors,  saved  lives 
at  a  fire  that  partially  destroyed  a  five-story 
tenement  on  April  26.  Twenty  persons,  over- 
come by  smoke,  were  revived  by  the  use  of 
pulmotors.  The  fire  started  in  an  apartment 
in  the  first  story  and  was  carried  upward 
through  a  dumbwaiter  shaft. 


Nitroglycerin  is  a  powerful  heart  stimulant ; 
that  is  why  the  fumes  cause  a  severe  and  pro- 
longed headache  when  inhaled.  The  same  ef- 
fect is  produced  by  handling  dynamite  cart- 
ridges with  bare  hands  in  hot  weather. 
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COMPkl-SSLD  AIR    COSTS  AND  SAVINGS   IN 
RAILROAD  SHOPS 

IIY   THOMAS    y    (RAW FORD. 

Twenty  years  ago  wluii  pneumatic  tools 
were  in  their  infancy  tlie  installation  of  an  air 
compressor  did  not  demand  the  careful  study 
which  is  now  required.  Ix'cause  the  wonderful 
savinj^  in  time  effected  liy  tiie  suhstitution  of 
air  tools  for  hand  toolb  overshadowed  all  oth- 
er costs.  Today,  however,  instead  of  a  lu.xury 
to  be  found  in  only  the  best  and  most  progres- 
sive shops  compressed  air  is  used  in  every  con- 
ceivable plan*  from  the  two-stall  roundhouse 
on  some  isolated  branch  line  to  the  40-pit 
main  shop  at  division  headquarters. 

RAPID    COMPRESSED    AIR    DEVELOPMENT. 

A  careful  study  of  the  growth  of  the  com- 
pressed air  system  in  the  average  shop  reveals 
the  fact  that  the  original  system  has  been 
gradually  extended  by  additions,  owing  to  the 
many  and  varied  uses  to  which  the  high  pres- 
sure air  medium  has  been  applied.  The  origi- 
nal single  stage.  200  or  300  cu.  ft.  compressor 
has  been  replaced  by  a  cross-compound  ma- 
chine of  1,500  cu.  ft.  capacity;  and  it  in  turn 
has  now  been  supplemented  by  still  more  mod- 
ern and  economical  compressors  with  capaci- 
ties ranging  from  3.000  to  5,000  cu.  ft.  of  free 
air  per  minute.  Steel  cars  have  revolutionized 
shop  practice,  and  to-day  the  repair  tracks  arc 
demanding  from  500  to  3,000  cti.  ft.  of  air. 
where  15  years  ago  all  work  was  done  by  hand 
This  phenomenal  development  in  many  cases 
has  bewildered  the  mechanical  department  to 
such  an  extent  that,  in  spite  of  the  best  prac- 
tice in  air  compressor  construction  and  instal- 
lation, enormous  losses  are  daily  incurred 
through  improper  piping  and  the  lack  of  study 
devoted  to  the  very  important  subject  of  air 
distribution. 

PROVIDK    I'ROPER    PIPING. 

The  false  economy  of  using  the  old  piping 
as  the  system  is  extended  is  eating  up  hun- 
dreds of  dollars  every  day  in  the  boiler  room 
and  on  the  switchboard.  It  is  a  well  known 
fact  that  the  cost  of  air  varies  as  the  pressure 
varies ;  in  other  words  it  costs  more  to  com- 
press a  cubic  foot  of  air  to  a  pressure  of  100 
lb.,  than  to  ()0  lb.  Consequently  any  arrange- 
ment of  piping  which  will  tend  to  reduce  the 
initial    pressure    at    the    ciMiiprcssor    will    save 


uKJUcy.  Assume  for  example  that  a  shop  is 
piped  for  a  certain  size  compressor  and  with 
the  increased  requirements  the  management 
finds  it  necessary  to  purchase  a  machine  of 
double  the  capacity.  Then,  as  is  often  the 
ca.se.  owing  to  the  cost  of  the  machine  rigid 
ec(»nomy  is  enforced  as  to  further  expendi- 
tures, with  the  result  that  the  important  ques- 
tion of  i)iping  is  neglected.  The  old  piping  is 
considered  good  enough  and  only  the  necessary 
extensions  to  the  car  tracks  or  other  import- 
ant points  are  made.  No  engineering  study  of 
the  subject  has  been  made  and  the  money 
saved  at  one  end  is  going  up  the  stack  at  the 
other. 

This  can  readily  be  seen  when  a  few  tacts 
concerning  compressed  air  are  considered.  In 
the  first  place  loss  of  pressure  due  to  friction 
in  pipe  lines  increases  ver>'  rapidly  as  the 
diameter  of  the  pipe  decreases.  The  pressure 
loss  when  transmitting  500  cu.  ft.  of  air  per 
minute  through  1,000  ft.  of  3'^-in.  pipe 
amounts  to  1.39  lb.,  with  an  initial  pressure  of 
TOO  lb.  per  sq.  in.,  while  if  the  pipe  size  is  cut 
down  to  3  in.  the  loss  of  pressure  jumps  to 
3.08  lb.  Globe  valves  and  fittings  such  as  tees 
and  elbows  add  greatly  to  the  frictional  loss 
and  great  care  should  be  given  to  their  appli- 
cation. It  will,  therefore,  be  seen  that  it  doca 
not  require  many  poor  conditions  to  build  up 
an  unnecessary  load  on  the  compressor. 

Let  us  consider  a  compressor  with  a  capac- 
ity of  3,000  cu.  ft.  of  free  air  per  minute  opei- 
ating  during  a  lo-hr.  day  at  approximately  luo 
lb.  pressure  and  assume  that  by  some  reai- 
rangement  or  replacement  of  piping  the  fric- 
tional transmission  load  on  this  machine  is  re- 
duced 10  lb.  What  will  the  saving  be?  Under 
ordinary  or  even  good  railroad  shop  operat- 
ing conditions  it  will  amount  to  nearly  $3  pei 
day  which,  in  a  year  of  300  days,  would  bt 
^*900.  This  represents  the  interest  on  an  in- 
vestment of  from  $10,000  I')  $; 5.000.  which 
would  go  a  long  way  in  proviIi:'i;  new  piping 
and  would  pay  for  consideral  .e  engineering 
study. 

Another  phase  of  the  subject  which  otters 
possibilities  for  considerable  saving  is  the  af- 
ter-cooling and  reheating  of  the  air.  parti  . 
larly  where  the  moisture  is  excessive  a;iu  the 
weather  conditions  such  that  long  exposed 
lines  are  greatly  affected.  This,  however,  is  a 
refinement  and  may  be  left  for  investigation 
after   the   greater    faults   are   rorrooted      It   is 
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mentioned  here  simply  tor  tlie  purpose  ot 
showing  the  extent  of  tlie  tiehl  that  is  await- 
ing attention. 

LEAKAGK. 

Pipe  and  hose  leakage  presents  another 
source  of  loss  which  while  appearing  small, 
amounts  to  many  dollars  annually  in  railroad 
operation.  Few  master  mechanics  or  shop 
superintendents  realize  what  a  leak  signifies 
in  dollars  and  cents.  They  know  it  amounts 
to  something  and  that  it  should  not  exist,  but 
their  attention  is  taken  up  by  things  which  are 
of  more  immediate  importance  as  far  as  their 
daily  duties  are  concerned.  But  when  it  is 
realized  that  for  every  leak  amounting  to  1/64 
in.  in  diameter  on  a  100  lb.  pressure  line  there 
is  a  loss  of  1.2  cents  per  da.v.  while  for  a  leak 
amounting  to  only  i '  16  in.  there  is  the  enor- 
mous loss  of  19.35  cents  per  day,  the  subject 
of  leaks  assumes  some  importance.  Add  up 
all  the  leaks  from  Xew  York  to  Chicago  for 
instance,  on  one  of  our  trunk  line  railroads 
and  it  will  be  found  that  there  is  quite  a  sum 
of  money  that  is  simply  vanishing  into  the  air. 

In  the  ordinary  railroad  shop  installation 
having  a  capacity  of  from  1,000  to  5,000  cu.  ft. 
of  free  air  per  minute  it  is  fair  to  assume  that 
it  is  costing  from  2.^  cents  to  3  cents  per  day 
of  10  hours  for  every  cubic  foot  of  air  per 
minute  that  is  compressed,  while  in  smaller 
plants  where  single  stage  compressors  and 
other  old  types  of  machines  are  used,  the  cost 
may  be  much  higher.  This  is  particularly  true 
in  roundhouses  and  small  shops  using  tubular 
boilers  without  feed  water  heaters.  With 
these  costs  as  a  basis,  another  field  of  econ- 
omy still  greater  than  those  already  consid- 
ered becomes  evident.  It  is  the  operation  and 
care  of  i)neumatic  tools. 

PNEUMATIC    TOOLS. 

Even  ten  years  ago  little  attention  was  given 
to  this  important  subject,  and  if  the  tools  were 
lucky  enough  to  get  any  attention  it  was  prob- 
ably from  some  handy  man  passing  out  drills 
and  taps  from  the  tool  room  window.  The 
continuous  and  almost  universal  use  of  pneu- 
matic tools  today  brings  up  the  question  not 
only  of  repairs,  but  of  economy  of  operation 
Instead  of  waiting  until  a  motor  or  hammer 
is  broken  down  before  tagging  it  for  the  tool 
room  it  should  be  periodically  inspected  and 
repaired,  and  there  should  be  kept  a  systematic 


record  of  the  condition  of  each  tool  as  well 
as  the  cost  of  its  upkeep. 

The  air  consumption  of  each  tool  should  be 
studied.  Xo  up-to-date  shop  can  afford  to 
keep  antiquated  tools  of  obsolete  design  op- 
erating on  its  floor  when  it  is  realized  that  the 
cost  of  air  is  so  great.  Even  the  most  mod- 
ern four-piston  air  motor  consumes  from  50 
to  60  cu.  ft.  of  air  per  minute,  and  when  it  is 
considered  that  through  wear  or  lack  of  atten- 
tion it  is  often  consuming  70  or  80  cu.  ft.,  a 
loss  in  actual  dollars  and  cents  is  evident, 
which  will,  many  times  over,  paj-^  for  the  re- 
pair parts  and  labor  necessary  to  place  the 
tool  in  first  class  operating  condition,  or  even 
purchase  a  new  one  to  replace  it. 

PNEUMATIC    TOOL    POWER    CONSUMPTION. 

In  order  to  emphasize  the  importance  of 
maintenance,  attention  is  called  to  the  fact  that 
on  a  full  load  basis  for  equal  periods  the  cost 
of  the  compressed  air  required  to  operate  an 
ordinary  35-lb.  pneumatic  drill  used  for  such 
work  as  staybolt  tapping,  etc.,  is  from  two  and 
one-half  to  three  times  as  great  as  the  cost  of 
electricity  to  drive  an  i8-in.  engine  lathe. 

The  standard  four-piston  type  air  motor  has 
a  crank  speed  varying  from  2,000  to  2,500  rev- 
olutions per  minute,  but  as  this  is  geared  down 
at  the  spindle  to  a  speed  suitable  for  the  class 
of  work  on  whick  it  is  to  be  used  the  casual 
observer  does  not  realize  the  amount  of  Action 
taking  place  inside  the  metal  casing.  How- 
ever, it  is  readily  seen  that  with  these  little  air 
pistons  operating  at  such  high  speeds  it  does 
not  require  a  great  amount  of  false  adjust- 
ment or  wear  to  soon  result  in  a  large  increase 
in  air  consumption.  With  the  actual  cost  of 
air  known,  and  knowing  the  cost  of  the  vari- 
ous repair  parts,  such  as  pistons,  bushings, 
valves,  etc.,  it  is  an  easy  matter  to  determine 
the  economic  high  and  low  limits  for  every 
tool  and  to  establish  a  system  by  which  re- 
pairs are  made  on  a  basis  of  air  consumption 
tests  rather  than  under  present  practice. 

The  apparatus  necessary  for  testing  air  con- 
sumption and  power  developed,  covering  both 
pneumatic  motors  and  hammers  is  inexpen- 
sive and  can  be  operated  if  desired  by  a  sec- 
ond or  third  year  apprentice.  D'ata  can  be 
kept  in  such  shape  that  every  tool  will  have  its 
record  on  file  covering  both  the  tests  made 
and  the  parts  replaced.  With  such  a  system 
in  operation,  if  an  air  motor,  the  card  record 
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of  which  >h<»\vs  a  normal  air  consimiption  of 
50  cu.  ft.  i»ir  niinutf.  is  M-nt  in  for  test  and  i«< 
found  to  havt*  a  consimiptitm  of  60  cu.  ft.  per 
minute,  on  a  basis  of  three  cents  per  day  for 
each  cul)ic  foot  per  minute,  it  is  wasting  M) 
cents  i)er  (hiy.  or  $<>  per  month  of  30  days.  It 
will  not  rc(|uire  much  calculatiuK  to  show  that 
regardless  of  the  service  which  this  tool  may 
he  giving  it  should  go  t(»  the  repair  bench. 

The  same  idea  applies  to  the  various  types 
of  hammers,  all  of  which  are  at  times  eatiuK' 
up  many  times  their  worth  when  to  outward 
appearances  they  are  in  first  class  condition. 
With  a  hammer,  however,  the  waste  is  not  so 
great,  as  it  is  held  in  the  hand  in  such  a  man- 
ner that  the  operator  becomes  extremely  sen- 
sitive to  its  operation  and  can  often  tell  from 
"the  feel"  that  it  is  taking  too  much  air.  How- 
ever, the  average  shopman  lias  never  had  im- 
pressed upon  him  the  great  cc»st  of  compressed 
air  and  his  education  in  the  matter  by  the 
methods  now  utilized  in  safety  promotion 
work  would  undoubtedly  result  in  eliminating 
manv  wastes. — Raihvav  Aac  Gazette. 


TESTING  A  REFRIGERATING  SYSTEM  WITH 
AIR 

It  is  customary  to  test  a  refrigerating  system 
with  air  pressure  before  charging  with  am- 
monia. This  should  be  carefully  done  by  ex- 
perienced men  to  avoid  an  explosion  by  the 
ignition  of  the  vapor  from  tlic  lubricating  oil, 
caused  by  the  heat  of  compre>sion.  A  thin 
coating  of  lard  oil  should  first  be  applied  by 
hand  to  the  walls  of  the  compressor  cylinders 
and  the  compressor  allowed  to  run  until  the 
pressure  reaches  100  lb.  or  more.  Tt  should 
then  be  stc^pped  long  enough  to  cool  down, 
then  started  up  again  and  operated  until  forty 
or  fifty  pounds  of  additional  pressure  is  ob- 
tained, then  stopped  again.  When  sufficiently 
cooled  it  should  once  more  be  started,  but  at 
reduced  speed,  and  stopped  whenever  the  dis- 
charge i)ipc  bt. conies  hot  enough  ti'  be  unc«  m- 
fortahle  to  the  hand.  Tf  the>e  precautions  are 
taken  there  i^  little  chance  of  an  explo-i')n 
ironi  internal  causes  during  the  test.  The  men 
should  be  kci)t  away  from  the  apparatus  a.=; 
much  as  possible,  however.,  as  there  is  always 
a  possibility  that  an  accident  may  occur 
through  the  failure  of  an  im[»erfect  joint  or 
from  unforeseen  weakness  in  some  other  part. 

The  above  cautionary  advice  we  reprint  from 
a  recent   is^^ue  of  PcxiW'.     \\'hen   an  ammonia 


comprcssi»r  is  operated  with  .iir.  and  wjihout 
the  precautions  here  suKgcsted.  almost  ideal 
conditions  are  pro\idcd  for  an  explosion,  not  a 
mere  pressure  explosion  but  one  resulting  (r*An 
the  ignition  of  an  explo«-ivc  mixture  of  air  and 
volatilized  hydrf>carbon,  such  as  occurs  at  every 
driving  strike  of  an  automobile  engine  The 
right  proportions  of  r.il-gas  and  air  are  likely  to 
occur  and  a  temperature  may  be  reached  high 
enough    u*   cause    spontaneous   ignition. 

Such  an  exph)sion  occurred  a  few  years  ago 
in  a  large  brewery  on  Third  Avenue,  >»,  Y. 
The  piping,  about  6  in.  and  very  heavy,  wa-i 
shattered  for  a  hundred  feet  or  more  and  one 
or  two  men.  if  our  recollection  is  correct,  were 
killed. 


AMMONIA  E.XPLOSIONS  IN  RtFRIOERATING 
PLANTS 

In  the  preceding  article  attention  is 
called  to  the  danger  of  using  air  for  test- 
ing purposes  in  a  compressor  normally  de- 
?igned  and  installed  for  ammonia  compression 
In  the  article  referred  to  it  is  assumed  thai 
the  danger  of  explosion  comes  from  the  for- 
mation of  explosive  mixtures  of  air  with  some 
volatilized  constituents  of  the  lubricating  oil ; 
that  is,  that  the  presence  of  vaporized  oil  in 
the  cylinder  and  pipes  provides  the  real  op- 
portunity and  provocation  of  the  explosion. 

It  would  seem,  however,  from  mvestigations 
recently  reported  in  a  German  publication  that 
it  may  be  the  ammonia  and  not  the  oil  that 
iv  really  the  cause.  The  writer  refers  to  a 
case  of  an  explosion  in  a  German  refrigerating 
plant,  which  was  ascribed  to  the  decomposition 
of  ammonia  in  the  compressor  cylinder  and 
the  penetration  of  the  gases  into  the  engine 
room.  This  case  led  to  the  investigation  by 
the  Institute  of  Physical  Chemistr>'  and  Elec- 
tro-chemistry of  the  Technical  High  Sche>ol  at 
Karlsruhe,  by  S.  Schlumberger  and  \\\  Pio- 
trc»wski.  who  introduced  into  a  bell-shaped 
glass  vessel,  no  mm  « 4-.^3  i"^  J"  diameter, 
mixtures  of  ammonia  and  air  in  various  pro- 
portions and  ignited  them  by  an  electric  spark. 
It  was  found  that  a  mixture  of  air  with  from 
1O.5  to  j6.8  per  cent,  by  volume  of  ammonia 
violently  exploded  in  the  glass  vessel,  but  that 
with  the  ammonia  content  above  or  below 
these  limits,  no  explosion  took  place.  Com- 
parative tests  with  a  tube-shaped  vessel  have 
given  a  slower  combustion,  due  probably  to  the 
cooling  action  of  the  walls,  the  region  of  ex- 
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plosibility  being  limited  to  from   19  to  25  per 
cent,    by    volume. 

Refrigerating  engineers  are,  however,  inter- 
ested principally  in  the  question  whether  con- 
ditions such  as  have  been  shown  by  thii  ex- 
periment, and  which  produce  explosibility  of 
ammonia  and  air  mixtures,  ca^n  actually  occur 
in  practice.  It  is  hardly  likely  that  under  or- 
dinary conditions,  16  to  20  per  cent,  by 
volume  of  ammonia  can  mix  with  the  air, 
but  that  may,  of  course,  occur  in  exceptional 
cases,  for  example,  when  a  defect  develops  in 
the  operation  of  the  machinery,  a  rupture  of 
a  pipe  occurs,  or  something  like  that.  In  the 
case  referred  to  above,  a  branch  pipe  broke 
and  allowed  ammonia  to  flow  out.  The  fire- 
man, who  was  burned  about  the  face  and 
hands,  claims  that  he  heard  an  explosion  and 
saw  a  flame.  As  there  was  a  gas  burner  in  the 
engine  room,  the  assumption  naturally  was  that 
an  explosive  mixture  of  ammonia  and  air  took 
fire  from  the  open  flame. 

However,  the  author  doubts  this,  because  the 
conditions  under  which  the  actual  explosion 
occurred  did  not  coincide  with  the  conditions 
which  were  present  when  the  tests  were  car- 
ried out.  In  the  latter  case,  ignition  was 
caused  by  an  electric  spark,  and,  because  of 
the  shape  of  the  vessel,  propagated  with  con- 
siderable velocity.  It  is  by  no  means  proved 
that  an  ignition  could  likewise  occur  from  an 
open  gas  flame  and  that  the  combustion  in  free 
air  would  occur  in  the  same  manner  as  in  a 
closed  experimental  bomb.  As  a  matter  of 
fact,  the  author  doubts  that  there  was  any  ex- 
plosion at  all  in  this  case,  in  the  sense  of  a 
sudden  combustion  of  a  mixture  of  gases,  and 
he  supports  his  contention  by  reference  to 
another  accident  where  ignition  of  ammonia 
by  a  gas  flame  appears  to  be  fairly  well  es- 
tabli.shed.  According  to  a  report  of  the  Ger- 
man Slaughterhouse  Paper  (Deutsche  Schlacht- 
utid  Viehhofseitiing,  November  15,  1914,  p. 
574),  in  November,  19^.4,  there  occurred  in  the 
engine  and  boiler  room  of  the  Municipal 
Slaughterhouse,  at  Elbing,  a  fire  due  to  a  rup- 
ture on  a  compressor  and  ignition  of  the  es- 
caping ammonia  by  an  open  gas  lamp.  It 
appears  that  in  this  case  a  screw  on  the  com- 
pressor piston  worked  loose  and  fell  between 
the  piston  and  cylinder  cover  so  that  during 
the  return  stroke  of  the  piston  the  cover  was 
fractured.  No  explosion  occurred,  but  there 
was  a  strong  fire,  which  destroyed  the  roof 
of  the  house. 


Mr.  A.  Behr,  in  a  report  to  the  Sixteenth 
Annual  Meeting  of  the  Association  of  Ger- 
man Inspection  Engineers  (Verhandlungen  der 
16.  Hauptversammlung  des  Vereins  Deut- 
scher  Revisions-Ingenieure),  read  a  paper  on 
the  "Decomposition  of  Ammonia  in  Ice  Ma- 
chines," where  he  mentions  a  grave  accident  in 
the  brewery  of  the  Hildesheim  Brewery  Com- 
was  started  with  the  exit  valve  in  the  pressure 
piping  closed.  As  a  result,  the  cylinder  was 
pany,  in  which  case  an  ammonia  compressor 
blown  up  by  the  increasing  pressure.  Imme- 
diately thereafter,  the  entire  engine  room, 
which  was  lighted  by  gas,  was  enveloped  in 
a  sheet  of  flame.  In  another  case,  in  a  Ber- 
lin brewery,  rapid  ignition  took  place  when  a 
fire  was  brought  near  an  open  ammonia  com- 
pressor. According  to  the  opinion  of  Mr.  Behr 
this  accident  was  due  not  to  the  combustion 
of  ammonia  and  air  mixture,  but  to  the  igni- 
tion of  hydrogen  which  formed  in  the  en- 
gine through  the  decomposition  of  ammonia, 
which  decomposition,  in  its  turn,  was  due  to 
rise  of  pressure  and  temperature  of  ammonia 
caused  by  starting  the  compressor  with  a  closed 
pressure  valve. 

That  this  decomposition  does  take  place  was 
shown  by  the  experiments  of  Doctor  Mohr, 
w^ho  has  found  in  three  instances  a  high  con- 
tent of  free  hydrogen  and  nitrogen  in  experi- 
mental compressors.  For  practical  purposes 
it  would  be  desirable  to  carry  out  a  theoret- 
ical and  experimental  investigation  which 
would  show  whether  decomposition  of  am- 
monia actually  takes  place,  and  if  so,  how  it 
can   be   prevented. 


KEROSENE  AS  A  FIRE  EXTINGUISHER 

Fire  in  bales  of  cotton  at  Calexico,  Califor- 
nia, was  recently  extinguished  by  kerosene. 
While  this  may  seem  parodoxical  the  explana- 
tion is  simple.  Cotton  in  the  baling  process  is 
subjected  to  great  pressure.  Water  can  pene- 
trate the  bale  only  an  inch  or  so  while  kero- 
sene will  go  to  the  centre.  Fire  in  the  hale 
does  not  blaze,  simply  smolders  and  slowly 
cuts  its  way  At  the  comparatively  low  tem- 
perature at  which  cotton  1)iirns.  and  where 
there  is  no  flanie  and  no  air,  kerosene  does 
not  ignite  but  instead  extinguishes  the  fire  in 
the  cotton.  After  the  fire  is  put  out  the  bands 
are  removed  from  the  bale,  the  burned  por- 
tions are  pulled  out,  and  after  the  cotton  has 
been  aired  for  a  few  days  all  trace  of  the 
kerosene  disappears 
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[JI;AIM  OF  DR.   MOLMES 
Dr.  Joseph  Austin  Holmes,  Director  of  the 
Bureau  of  Mines  since  its  organization  under 
is  present  form  in   19 10,  died  of  tuberculosis 

in  Denver,  July  12,  fifty-fivr  yrar«i  old.  thus 
by  the  irony  of  fate,  succumbing  to  the  cruel 
type  of  disease  against  which  in  the  Bureau 
of  Mines  his  efforts  had  been  so  constantly 
and    strenuously   employed 

Dr.  Holmes  was  lx>rn  in  I^urens,  S.  C, 
was  educated  in  local  schools  and  at  Chapel 
Hill,  N.  C,  and  graduated  from  Cornell  in 
1880.  In  the  following  year — his  22nd — he 
was  appointed  professor  of  geology  and 
natural  history  at  the  University  of  North 
Carolina,  remaining  in  that  position  for  10 
years,  and  continuing  to  lecture  there  several 
years  later  In  1891  he  was  appointed  state 
geologist  of  North  Carolina,  devoting  his 
time  for  three  years  to  that  work,  and  taking 
an  active  part  in  the  preparation  of  the 
geological  exhibit  at  the  Buffalo  Exposition 
in  1901,  which  naturally  pointed  to  his  selec- 
tion ai:  head  of  the  Department  of  Mines  and 
Metallurgy  at  the  St.  Louis  Exposition  in 
1904. 

In  this  year  his  first  active  work  for  the 
government  began  when  he  was  placed  in 
charge  of  important  fuel  tests.  In  1905  the 
director  of  the  Laiited  States  Geological  Sur- 
vey extended  his  work  to  cover  mine  explo- 
sions and  other  phases  of  mine  work.  In 
1907  he  was  made  chief  of  the  technologic 
branch  of  the  Geological  Survey,  holding  that 
position  until  the  Bureau  of  Mines  was  form- 
ally established  by  act  of  Congress  in  1910. 

There  were  several  qualified  candidates 
considered  for  the  position  of  head  of  the 
new  bureau,  but  when  Dr.  Holmes  was  finally 
appointed  universal  approbation  greeted  him 
and  the  record  of  the  bureau  under  his  di- 
rection and  stimulus  has  surpassed  all  expec- 
tation. 

The  following  is  the  editorial  tribute  of  the 
Engineering   and   Mining    Journal: 

The  Bureau  of  Mines  became  his  child.  He 
practically  created  it.  organized  it  and  laid 
out  its  course  There  is  scarcely  auN-thing  in 
it  whereof  the  inception  is  not  owed  to  him 
He  was  ambitious  for  it  and  sometimes  was 
criticized  for  the  vaulting  character  oi  his  am- 
bition, although  all  recognized  that  there  was 
never  in  his  mind  a  thought  of  personal  ag- 
grandizement,   hut    only    and    always    of    the 
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prestige  and  public  usefulness  of  his  institu- 
tion. For  it  he  worked  every  hour  of  the 
day  except  when  sleeping,  traveling  thousands 
of  miles  annually,  enduring  the  hardships  of 
railway  tedium,  poor  food  and  miserable  ho- 
tels, and  holding  intercourse  with  thousands 
of  persons.  'I  he  ability  to  get  on  well  with 
people  was  one  of  his  happy  faculties,  as  also 
was  his  art  of  surrounding  himself  with  able 
and  loyal  assistants.  He  was  never  willing, 
however,  to  relieve  himself  of  arduous  duties 
by  delegating  them  to  his  assistants.  Their 
function  in  his  mind,  was  solely  to  enable  his 
bureau  to  do  more  work,  and  he  devoted  him- 
self indefatigably  to  finding  it  for  them  to 
do.  He  made  the  Bureau  of  Mines  a  great 
thing  in  remarkably  few  years,  but  in  do- 
ing it  he  killed  himself,  leaving  the  mining 
and  metallurgical  industries  of  his  country 
his  eternal  debtors.  His  special  interest  was 
the  promotion  of  safety  in  mining.  With 
keen  perception  he  singled  out  the  correction 
of  the  disgracefully  high  mortality  in  Ameri- 
can mining  as  being  the  first  big  work  that 
the  Bureau  ought  to  do.'" 

Dr.  Holmes  received  the  degree  of  D.Sc. 
from  the  University  of  Pittsburgh  and  that 
of  LL.D.  from  the  University  of  North  Car- 
olina. He  was  a  member  of  the  Mining  Leg- 
islation Commission  of  Illinois.  National  Con- 
servation Commission.  American  Institute  of 
Mining  Engineers,  American  Society  for 
Testing  Materials,  the  Academies  of  Science 
of  St.  Louis  and  North  Carolina.  American 
Society  of  Mechanical  Engineers,  the  Cosmos 
Club  of  Washington,  the  Engineers  Club  of 
New  York,  and  was  a  fellow  of  the  Geolog- 
ical   Societv   of    America. 


COMPRESSED  AIR  IN  THE  SMITHY 

The  article  Electrifying  the  Forge  Shop"' 
in  the  July  issue  of  Compressed  Air  M.^GA- 
ziNE  reminds  the  writer  of  similar  work  that 
was  done  in  the  Argentine  Republic  in  1905. 
in  the  new  workshops  of  the  Buenos  Aires 
Western  Railway  Co.  When  this  Company 
built  their  new  shops  they  made  liberal  al- 
lowance for  the  use  of  compressed  air  all 
through  the  different  departments,  and  also 
contemplated  working  the  steam  hammers  in 
the  smith  shop  by  compressed  air ;  but  as 
this  was  a  new  venture  at  that  time  they  were 
not  sure  whether  it  would  be  a  sucess.  How- 
ever,   all    precautions    were    taken :    large    re- 


ceivers were  hung  from  the  roof  trusses  close 
to  the  hammers,  and  Ingersoll  reheaters  were 
provided  so  as  to  economize  air  as  much  as 
possible. 

This  being  an  untried  experiment  it  was 
not  known  whether  the  air  compressing  plant 
would  prove  sufficient,  as  a  very  complete 
equipment  of  pneumatic  tools  had  been  pro- 
vided, and  the  foundry  was  equipped  with 
molding  machines  and  sand  sifters.  There 
were  in  the  Power  House  two  ]C  compres- 
sors with  two  stage  air  cylinders  16^"  & 
1014"  by  10"  driven  by  60  H.  P.  electric 
motors.  The  Smith  shop  had  one  large  steam 
hammer  and  two  small  ones  and  steam  boil- 
ers were  provided  in  case  their  operation  by 
air  was  not  a  success.  The  hammers  were 
run  by  steam  for  some  time,  as  the  air  re- 
ceivers and  piping  were  not  ready,  but  after 
being  tried  out  by  air  their  operation  was 
found  to  be  thoroughly  satisfactory,  and  the 
air  compressing  plant  ample  to  do  the  work, 
together  with  driving  all  the  pneumatic  tools 
and   molding   machines   in  the    foundry. 

It  would  be  quite  impossible  to  give  any 
idea  of  the  comparative  cost  of  operation  by 
steam  and  by  air,  as  their  work  was  so  in- 
termittent ;  but  it  was  considered  that  opera- 
tion by  air  was  most  satisfactory.  To  run 
the  hammers  by  steam  required  a  large  boil- 
er to  be  kept  constantly  under  steam,  which 
consumed  about  a  ton  of  coal  a  day,  costing 
$10.  besides  the  wages  of  a  fireman  and  the 
smoke  nuisance.  We  could  not  arrive  at  the 
amount  of  extra  air  required  owing  to  the 
impossibility  of  isolating  the  hammers  from 
the  remainder  of  the  pneumatic  tools  and 
operating  them  separately  by  a  compressor ; 
1)ut  it  seemed  to  every  one.  that,  not  only  was 
it  much  cheaper  to  drive  them  by  air,  but 
that  their  operation  was  in  every  way  more 
satisfactory.  The  hammers  worked  quicker, 
were  free  from  condensation,  there  was  no 
dripping  water,  nor  liot  parts  to  inconven- 
ience  and   burn   the   workmen. 

J.   P.  Stone, 

104   Madison    Ave.,    N.   Y.    City. 


The  chemists  of  the  United  States  Bureau 
of  Mines  have  discovered  a  process  whereby 
radium  can  be  produced  at  one-third  its  pres- 
ent cost;  or  at  a  i)rice  of  $40,000  per  gram 
C$1,134,000  per  oz..  Avoirdupois)  instead  of 
$120,000. 
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LXPLOSIONS  IN  AIR  l.lQULf  ACIION 
PLAN  IS* 

I'Iktc  liavf  htfii  scvt-ra!  disastrous  explo- 
sions in  plants  inannfacturinjj:  oxygen  and  ni- 
trogen from  li(iui(l  air.  As  a  rule,  it  is  quite 
possible  to  separate  oxygen  and  nitrogen  by 
fractional  distillation  in  the  so-called  counter- 
current  api)aratus,  but  it  appears,  liowcver. 
tiiat  these  apparatus  are  sometimes  subject  to 
highly   dangerous   occurrences. 

The  pipes  of  the  column  apparatus  in  which 
the  oxygen  is  separated  from  the  liquid  air 
have  to  be  thawed  out  at  nigiit  because  of  ac- 
cumulation of  ice.  I  his  thawing  out  process  is 
usually  carried  out  with  warm  water  and,  in 
the  meanwliile,  the  operation  of  the  plant  is 
interrupted.  In  one  case,  the  attendant  was 
busy  thawing  out  the  pipes  while  a  laborer  was 
removing  the  insulating  cork.  The  foreman 
had  most  strictly  prohiljited  tlie  use  of  a  torch, 
but  notwithstanding  that  the  attendant  did  use 
one,  as  he  was  seen  carrying  the  torch  inside. 
Immediately  thereafter,  there  occurred  an  ex- 
plosion which  threw  aside  heavy  iron  beams, 
blew  up  the  roof,  killed  the  attendant  and  did 
a  lot  of  other  damage.  The  explosion  was 
followed  by  a  fire.  It  seems  reasonable  to  be- 
lieve that  the  attendant  approached  with  liis 
torch  too  close  to  the  insulating  cork  of  the 
column  apparatus  and  in  this  way  ignited  the 
mass.  Whether  the  explosion  was  due  direct- 
ly to  the  explosive  combustion  of  the  cork  or 
was  accompanied  by  the  explosion  of  illumi- 
nating gas  has  not  been  established.  Tcst.i 
have  shown,  however,  that  the  extremely  por- 
ous cork  used  in  this  kind  of  apparatus  ac- 
cumulates in  a  ver\-  short  time  such  large 
amounts  of  oxygen  in  its  pores  that  it  becomes 
highly  explosive. 

Another  explosion  which  likewise  occurred 
in  an  air  liquefying  plant  is  also  of.  great  in- 
terest. It  occurred  in  a  plant  manufacturing 
from  li(|uid  air  i)ure  nitrogen  to  be  used  for 
the  production  of  calcium  nitrate.  In  this  case 
the  separation  apparatus  exploded,  mortally 
wounding  the  foreman.  In  this  apparatus,  the 
air  was  compressed  to  four  atmospheres,  and 
was  thence  letl  to  the  litpie  fact  ion  system  where 
it  was  allowed  to  trickle  in  a  column  apparatus 
3  m.  high.  The  nitrogen  evaporated  while  the 
oxygen  collected   in   two  vessels  coimected  by 
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ati  overHow.  In  ord<T  i«»  irc:  ine  fmr«»grn 
from  the  la*>t  traces  of  oxyKcn,  a  part  of  the 
nitrogen  cumprcsscd  to  100  atmospheres  flowed 
in  a  thin  spiral  thrf»ngh  the  coimtcrcurrcnt  he- 
lix and  through  the  collector  tilled  with  Ikiuid 
air  or  oxygen,  whence  it  tlowed  freely  into 
the  upper  part  of  the  column.  While  this  was 
done,  the  last  traces  of  the  <jxygcn  r  --d 

in  the  nitrogen  were  lifiuified  and  tlov.  vn 

into  the  collector,  and  this,  as  well  as  the 
colunm.  was  cquipi)ed  with  a  .safety  valve 
which  prevented  the  pressure  therein  from  ex- 
ceeding 0.5  atmospheres. 

The  explosion,  which  cau.sed  a  large  amount 
of  damage,  was  not  due  to  excessive  '  —e. 

as  the  presence  of  a  safety  valve  pr  .   it 

from  ^hat.  Two  separate  detonations  appear 
to  have  been  heard  and  it  seems  that  the  col- 
lector was  the  first  to  be  destroyed,  whereupon 
the  oxygen  flowing  out  produced  an  explosive 
combustion  of  the  insulating  silk.  After  the 
first  detonation,  the  foreman  rushed  to  the 
apparatus  but  was  thrown  back  by  the  second 
explosion,  and  Inirled  against  a  compressor. 
Previous  to  that  another  explosion  of  a  similar 
nature  had  taken  place,  which  was  ascribed  to 
the  fact  that  in  some  manner  or  other  the  air 
taken  in  contained  traces  of  acetylene  and  that 
copper  acetylide.  which  is  highly  explosive, 
was  formed.  It  does  not  appear  likely,  how- 
ever, that  copper  acetylide  would  decompose 
explosively  at  a  temperature  as  low  as  that 
of  boiling  liquid  air. 

The  author  describes  a  third  explosion  which 
destroyed  an  enitre  factory  and  caused  a  heavy 
loss  of  life.  The  persons  who  were  in  the 
factory  saw  a  bluish  flame,  similar  to  that  of 
lightning,  start  from  the  ground.  Then  a  big 
gray  cloud  of  dust  was  seen  and  finally  a  tre- 
mcnd»nis  detonation  was  heard,  after  which 
the  building  practically  collapsed.  Some  of 
tile  bodies  recovered  from  the  ruins  were 
found  to  be  terribly  mutilated.  The  separa- 
tion apparatus  had  entirely  disappeared  and 
there  was  an  immense  hole  in  the  wall  near 
wliich  it  stood.  I'rom  the  testimony  of  the 
workmen  who  were  in  the  factory  just  prev- 
ious to  the  explosion,  the  following  is  what 
apparently  occurred :  The  chief  engineer  and 
his  assistant  had  started  the  plant  in  the  morn- 
ing and  it  appeared  to  be  working  all  right. 
They  forgot,  however,  to  blow  off  the  dew 
which  accumulated  in  the  apparatus  after  it 
had  been  standing  idle  over  Sunday  and  had 
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become  somewhat  warm.  Notwithstanding  the 
most  careful  cleansing  of  the  air  previous  to 
its  admission  into  the  liquefaction  system,  a 
certain  amount  of  water  settled  down  as  ice 
in  the  separation  apparatus ;  this  had  to  be 
melted  and  removed  from  time  to  time.  A 
couple  of  hours  after  the  plant  was  started, 
the  foreman  inspected  it  and  found  everything 
in  order,  but  apparently  the  apparatus  had 
simply  frozen.  When  the  engineer,  who  was 
working  the  apparatus  alone,  did  not  know 
what  to  do,  he  went  to  the  superintendent  and 
was  ordered  by  him  to  thaw  out  the  apparatus, 
the  superintendent  then  withdrawing  to  take 
care  of  his  clerical  work.  The  engineer,  how- 
ever, notwithstanding  strict  orders  not  to 
bring  any  fire  or  hot  objects  near  the  appara- 
tus, heated,  by  a  torch,  up  to  red  heat,  a  large 
wrench  used  for  tightening  the  stuffing  boxes 
of  the  expansion  valves,  and  put  it  into  the 
expansion  valve  when  the  insulation  of  the 
apparatus  apparently  caught  fire. 

Some  other  cases  of  explosions  in  air  lique- 
faction plants  are  likewise  described.  From 
all  these,  it  appears  that  the  causes  of  explo- 
sions may  be  divided  into  two  classes^ — one. 
which  is  obvious,  produced  by  the  prohibited 
use  of  an  open  flame,  and  the  other,  less  ob- 
vious, due  probably  to  some  sort  of  chemical 
action  or  freezing. 

The  author  calls  attention  to  the  following 
facts  as  serving  as  possible  explanations  of 
explosions  of  the  second  class.  Essentially, 
air  consists  of  a  chemical  mixture  of  oxygen 
and  nitrogen,  in  addition  to  which  there  are 
present  in  it,  water  vapor,  carbon  dioxide, 
complex  gases  and  the  so-called  noble  gases, 
such  as  argon,  metargon,  helium,  xenon,  neon, 
and  krypton.  The  essential  properties  of  these 
noble  gases  are  that  they  apparently  do  not 
enter  into  any  chemical  combination  either 
among  themselves  or  with  other  gases.  The 
most  important  of  them  is  argon,  of  which 
there  is  present  in  the  air  approximately  0.935 
per  cent  by  volume.  It  liquefies  at  —  186  deg. 
cent. ;  oxygen  at  —  184  deg.  cent,  and  nitro- 
gen at  —  194  deg.  cent.  In  apparatus  where 
nitrogen  is  produced  and  where,  therefore,  a 
very  low  temperature  has  to  be  maintained,  it 
is  quite  possible  that  argon  settles  down  in  tlic 
pipes,  forms  an  ice-like  mass  and  in  this  way 
bottles  up  the  air  passages,  thus  raising  the 
compression  of  the  gas  up  to  the  point  where 
it  explodes  the  apparatus. 


It  is  also  possible  that  argon  brings  about 
explosions  in  another  manner.  Essentially,  the 
noble  gases  have  not  a  molecular,  but  an 
atomic  structure;  that  is,  they  consist  of  sin- 
gle atoms.  It  is,  however,  possible  that  this 
structural  propert}'  changes  at  very  low  tem- 
peratures, and  in  the  argon  ice  the  atoms  of 
the  gas  combine  into  a  complex  gas,  which  dis- 
sociates explosively  when  the  temperature 
rises.  Similar  explosive  dissociations  may  also 
take  place  in  the  case  of  peroxide  of  hydrogen 
and  ozone. 

Another  source  of  danger  which  may  cause 
explosions  is  the  presence  of  combustible  sub- 
stances in  the  liquefied  air,  due,  for  exam- 
ple, to  the  penetration  of  oil  from  the  com- 
pressors or  perhaps  of  products  of  decomposi- 
tion of  lubricating  oil  formed  in  the  compres- 
sors under  the  influence  of  the  heat  of  com- 
pression. It  is  also  well  to  bear  in  mind  that 
in  the  atmospheric  air  there  are  present  small 
amounts  of  hydrogen  and  methane,  and  it  is 
quite  possible  that  if  both  gases  are  present  in 
equal  amounts  they  may,  after  a  certain  length 
of  time,  appear  in  quite  substantial  quantities 
in  liquefied  air.  Considering  that  air  lique- 
faction plants  have  usually  an  output  of  400 
cu.  m.  (14,125  cu.  ft.)  per  hour,  or  4,000  cu. 
m.  per  working  day  of  10  hr.,  and  considering 
further  that  there  may  quite  easily  be  0.05  per 
mil  of  methane,  this  would  be  equivalent  to 
200  1.  (52.8  gallons)  of  liquid  methane,  an 
amount  sufficient  to  create  a  tremendous  ex- 
l)losion  in  the  presence  of  liquid  air  or  oxy- 
gen. 

There  is  one  more  fact  which  has  to  be 
l)orne  in  mind.  Ozone  may  convert  hydro- 
carbons into  highly  explosive  compounds — so- 
called  ozonides  or  peroxides.  Harries  pro- 
duced such  explosive  compounds  even  from 
hydrocarbons  having  annular  formation,  such 
as  benzole  and  toluol,  and  from  other  deriva- 
tives of  methane.  Saturated  hydrocarbons, 
such  as  methane,  produce  explosive  substances 
of  the  peroxide  type  and  can  be  converted  into 
formaldehyde  and  formic  acid,  h^rom  me- 
thane derivatives  are  also  produced  ozonides 
proper,  which  in  most  cases  are  highly  explo- 
sive, and  in  the  presence  of  water  dissociate 
into  aldehydes  and  peroxide  of  hydrogen.  Un- 
saturated kctons.  aldehydes  and  single-base 
acids  of  fats  combine  with  four  atoms  of  oxy- 
gen thereby  also  forming  explosive  com- 
pounds.    It  appears,  therefore,  that  unless  ex- 
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trt'iiu'  can-  is  cxiTcisid,  tluri*  arc  lunncrous 
sourcfs  of  (laiiKcr  in  the  production  of  li(iuid 
air  and  its  coinpoiu'iil  Kii"^*^"^- 


QASFOR   INDUSTRIAL  PURPOSES 

'I  ho  use  oi  }<as  for  industrial  purposes  is 
rapidly  increasing,  particularly  where  a  sup- 
l)ly  of  a  cheap  by-product  gas  is  available.  But 
coal  j^as  supplied  l>y  town  companies  is  also 
progressiuK  in  the  same  direction,  and  is  mak- 
ing up  hy  its  convenience,  and  hy  a  number 
of  smaller  economies  which  are  possible  with 
its  use  for  its  higher  cost  as  compared  with 
coke  or  coal.  In  order  to  let  London  manu- 
facturers see  what  can  be  done  and  to  en- 
courage the  consumption  of  gas  in  its  own 
area,  the  (las  Light  and  Coke  Company  has 
opened  a  large  demonstration  building  in  its 
depot  at  146,  Goswell-road.  At  one  end  of 
this  building  is  an  engine-house,  where  a 
small  gas  engine  drives  a  compressor,  raising 
gas  to  what  is  known  as  high  pressure — about 
100  in.  of  water — whilst  a  fan  provides  air  also 
at  "high  pressure."  In  this  room  are  also  to 
be  found  meters  for  measuring  the  gas  sup- 
plied at  and  above  atmospheric  pressure.  The 
different  pipes  leading  from  the  engine-room 
arc  painted  in  distinctive  colours  according  as 
they  convey  gas  at  atmospheric  or  at  high 
pressure,  or  high-pressure  air.  In  the  body  of 
the  building  is  arranged  a  representative  col- 
lection of  gas-heated  industrial  furnaces  and 
appliances  of  all  kinds ;  there  are  furnaces  for 
heating  and  tempering  tools,  furnaces  for 
melting  metals  of  various  kinds  either  for 
foundries  or  printing  houses,  etc.,  furnaces 
for  enameling,  a  salt  bath  furnace,  muffles  of 
various  forms  and  sizes,  burners  for  sugar 
boiling,  and  burners  for  heating  soldering 
irons,  blow  pipes,  etc.  This  very  representa- 
tive exhibition  has  been  provided  by  several 
firms.  Some  of  the  burners  use  both  gas  and 
air  at  atmospheric  pressure ;  others  use  both 
at  high  pressures,  and  others  one  or  the  other 
only  at  high  pressure. — The  Engineer,  London. 


WELLS  MORE  THAN  A  MILE  DEEP      . 

The  deepest  well  in  the  world  is  in  Upper 
Silesia,  in  the  German  Empire.  It  is  a  dia- 
mond-drill hole  in  a  coal  field  and  is  7.350 
feet  deep.  A  well  in  the  United  States  whic'.i 
may  go  deeper,  according  to  the  United  States 
Geological    Survey,    is    4    tnile^    nc^rthwest    of 


Mchonahl,  i'a..  and  alK>ut  15  miles  west  of 
i'itt^lairgh.  This  well,  which  is  l>einK  sunk  to 
the  Mcdino  sandstone— a  bed  that  elsewhere 
contains  oil  and  gas — is  now  7.174  feet  deep. 
Some  gas  and  oil  were  struck  in  the  upper 
part  of  the  well.  Between  the  depths  of  6,- 
.S30  and  7,100  feet  rocks  hearing  rock  salt  and 
salt  water  were  encountered.  These  are  re- 
garded as  of  Salina  age,  the  same  as  those 
carrying  rock  .salt  in  western  New  York.  The 
temperature  in  this  well  at  the  depth  of  6,- 
775  feet,  as  recently  determined  with  great 
accuracy,  is   145.8  degrees  F. 

At  Derrick  City,  McKean  County,  Pa.,  near 
Bradford,  there  is  a  well  5,820  feet  deep, 
which  is  probably  the  second  deepest  well  in 
the  L'nited  States.  Another  deep  well  is  on 
Slaughter  Creek,  Kanawha  county,  W.  Va. ;  it 
i^  5-595  fet't  deep.  It  penetrated  a  sandstone 
at  5.030  to  5.050  feet,  and  from  this  depth  to 
the  bottom,  a  distance  of  545  feet,  the  well  is 
in  limestone.  Near  West  Elizabeth,  Pa.,  there 
is  another  well  5,575  feet  beneath  the  surface, 
penetrating  into  a  blackshale.  Another  deep 
well  is  being  drilled  at  Gaines.  Pa.  This  has 
already  reached  a  depth  of  5.500  feet.  Deep- 
well  drillers  in  this  country  of  course  employ 
the  most  improved  and  effective  rigs,  but  one 
of  the  most  remarkable  of  wells,  reaching  a 
depth  of  3,600  feet,  was  drilled  for  petroleum 
in  western  China  by  means  of  such  crude  ap- 
pliances as  a  cable  made  of  twisted  strands  of 
rattan. 


GRANITE  NOT  THE  OLDEST  OF  ROCKS 

It  used  to  be  thought  that  granite  was  the 
oldest  of  all  rocks  and  that  it  formed  the 
globes  first  crust.  Now,  however,  geologists 
believe  that  granite  may  be  of  any  age  or 
epoch.  The  granites  found  in  Germany  and 
the  Vosges  Mountains,  of  France,  date  from 
one  period  of  the  world's  history:  those  found 
in  the  British  Isles,  from  an  entirely  different 
I)eriod ;  and  those  found  in  the  United  States 
from  still  other  periods. 

Enormous  pressure,  combined  with  heat  and 
water,  must  have  been  necessary  to  produce 
granite.  Some  scientists  declare  that  the 
granites  in  the  Highlands  of  Scotland  must 
have  been  formed  when  00,000  feet  of  over- 
lying rocks  were  piled  above  them,  and  that 
those  of  Cornwall  required  40,000  feet  of 
rock    pressure. 
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NOTES 

The  pneumatic  method  of  placing  concrete 
was  used  successfully  for  conveying  the  mix 
2805  ft.  through  a  6-in.  pipe  on  the  Mile  Rock 
tunnel  work  at  San  Francisco.  The  compres- 
sor capacity  installed  was  1,200  cu.  ft.  per 
minute,  and  the  receiver  pressure  was  kept  at 
about  115  lb.  per  square  inch.  This  is  re- 
garded as  a  record  for  long-distance  work  of 
this  character. 


The  British  height  flying  record,  which 
stood  at  14,500  ft.,  was  beaten  at  the  llendon 
Aerodrome  on  Sunday  last,  June  6th,  when 
Mr.  Hawker,  on  a  new  type  Sopwith  biplane, 
reached  an  altitude  of  over  20,000  ft.,  nearly 
four  miles.  Although  it  was  a  perfectly  clear 
day,  the  pilot  actually  disappeared  from  sight 
and  could  only  be  discerned  through  powerful 
glasses. 


Hydrogen  was  discovered  or  isolated  in 
1766  by  Cavendish,  an  eccentric  English  chem- 
ist, who  called  it  "inflammable  air,"  but  the 
French  chemist,  Lavoisier,  named  it  hydro- 
gen, meaning  "water  former."  Nitrogen  was 
also  identified  as  a  constituent  of  air  at  about 
the  same  date  as  oxygen  and  hydrogen  (1766 
to  1774) -and  named  nitrogen  by  Chaptal,  be- 
cause of  its  existence  in  niter. 


An  exhibit  at  the  San  Francisco  Exposition, 
illustrates  the  variety  of  uses  which  science 
has  found  for  soft  coal.  An  enormous  block 
of  coal  is  shown  surrounded  by  its  products. 
The  first  "generation"  consists  of  ammonia,  il- 
luminating gas,  crude  benzol,  coal  tar,  and 
coke.  The  derivatives  of  each  of  these  sub- 
stances are  in  turn  grouped  around  it.  Coal 
tar,  for  instance,  is  the  parent  of  Tarvia  and 
other  bituminous  road  binders,  numerous 
ready-roofings,  creosote  oil,  etc. 


Do  not  fool  with  compressed  air,  as  it  is 
dangerous  if  handled  carelessly.  Never  blow 
it  on  anyone,  as  it  may  enter  his  body  and  in- 
jure or  kill  him. — American  Machinist. 

This  is  nonsense,  neighbor.  They  blow  com- 
pressed air  onto  you  in  the  barber  shop.  They 
can't  blow  it  into  you  any  more  than  they  can 
blow  steam  into  you,  and  air  won't  scald. 
Nothing  is  safe  if  used  without  common  sense, 
and  with  common  sense  nothing  is  safer  than 
compressed   air. 


Plans  for  the  ventilation  of  the  new  subway 
lines  in  New  York  are  to  be  considered  by  a 
board  of  engineers.  The  present  plan  is  to 
ventilate  by  means  of  open  gratings  on  the 
sidewalks,  which  plan  is  opposed  by  the  mer- 
chants on  the  ground  that  the  gratings  are 
avoided  by  pedestrians  and  they  thus  will  look 
less  into  the  store  windows,  which  is  more  or 
less  true.  Single  tubes  with  the  trains  acting 
as  pistons  would  secure  a  constant  change  of 
air. 


The  sixteen  inch  gun  built  at  Watervliet  Ar- 
senal more  than  ten  years  ago,  the  only  gun  of 
this  calibre  built  by  the  United  States,  has 
been  taken  to  Panama  Canal  where  it  will 
have  a  disappearing  mounting  costing  much 
more  than  the  gun,  and  its  effective  life  may 
be  expected  to  be  ended  when  about  100  shots 
have  been  fired.  A  number  of  fourteen  inch 
guns  will  be  placed  at  Panama,  these  costing 
$45,000  each  and  their  carriages  $85,000.  The 
cost  of  a  powder  charge  for  one  of  these 
is  $175  and  of  the  projectile  about  $500. 


Tests  have  shown  that  moist  acetylene,  as 
generated,  attacked  zinc,  lead,  brass  and  nickel 
to  a  slight  extent ;  iron  was  affected  at  about 
six  to  seven  times  the  rate ;  phosphor  bronze 
about  twice  as  much  as  iron ;  but  copper  suf- 
fered more  than  any  other  metal  tested.  Cop- 
per \yas  quickly  changed  into  a  soft,  porous 
black  mass.  Tin,  aluminium,  bronze,  German 
silver,  and  solder  were  practically  unaffected. 
Thus  it  would  appear  that  copper  and  brass  or 
other  copper  alloys  should  not  be  used  as  pip- 
ing for  acetylene  gas  supplies,  and  that  iron 
should  be  well  tinned  rather  than  galvanized 
or  nickel-plated. 


The  principal  use  for  tungsten  is  in  the 
manufacture  of  high-speed  steel,  which  holds 
its  temper  at  much  higher  temperatures  than 
does  carbon  steel.  There  arc  many  applica- 
tions for  ductile  tungsten;  the  ductile  metal 
is  practically  insoluble  in  all  of  the  common 
acids,  its  melting-point  is  higher  than  that  of 
any  other  metal,  its  tensile  strength  exceeds 
that  of  iron  and  nickel,  it  is  paramagnetic,  it 
can  be  drawn  down  to  smaller  sizes  than  any 
other  metal,  while  its  specific  gravity  is  70  per 
cent,  higher  than  that  gf  lead.  One  important 
use  of  ductile  tungsten  is  that  large  quantities 
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of  drawn  win*  an-  prcMluccd,  hoth  flcxihlr  and 
stroiiK.  for  the  mamifacturc  of  incandescent 
lamps. 


Our  tontiiniK.rary  has  fc^r^ottcn  that  Jl  will 
he  quite  possihic  to  supply  masks  or  helmets 
connected  to  reservoirs  containing  air  cither 
compressed  or  liquefied. 


Some  arhitrarily  coined  trade  words,  such  as 
kodak,  find  a  permanent  place  in  the  diction- 
ary. Another  respectable  class  of  trade  words, 
not  one  of  wliich,  so  far  as  we  know,  has  as 
yet  reached  the  dictionary,  arc  those  formed 
of  the  initials  of  a  manufacturing  company 
with  the  syllabic  "co"  added,  a  good  example 
of  which  is  the  "Mesco"  of  the  Manhattan 
Electrical  Supply  Co.;  but  perhaps  the  sim- 
plest of  all  is  the  "Irco"  of  the  Ingersoll-Rand 
Company.  Kodak  serves  as  both  a  noun  and 
a  verb;  but  Trco  is  also  an  adjective  descrip- 
tive of  a  superior  metal  for  rock  drills  and 
mining  apparatus. 


The  first  American  exposition  of  chemical 
industries  will  be  held  at  Grand  Central  Pal- 
ace. New  York  City,  during  the  week  begin- 
ning Sept.  20.  191 5.  It  is  to  be  managed  by 
C.  F.  Roth  and  A.  Nagelvoort.  assisted  by  an 
advisory  committee  of  nine  eminent  chemical 
engineers.  It  is  expected  to  include  coal,  wood 
and  petroleum  products,  metals,  minerals, 
water  and  sewage  purification,  air  and  gas 
I)rocesses.  glass  and  ceramics,  oils,  varnishes, 
plastics,  rubber,  leather,  glue,  etc.  Working 
exhibits  will  be  shown.  Inquiries  should  be 
directed  to  the  National  Exposition  of  Chem- 
ical Industries.  46th  St.  and  Lexington  Ave., 
New  York  Citv. 


The  use  of  poisonous  gas  by  the  Germans  in 
the  French  trenches  suggests  some  great  possi- 
bilities for  the  defensive  as  well  as  the  offen- 
sive. The  Bystander,  a  British  publication, 
says  that  the  device  has  surely  come  to  stay 
though  properly  enough  denounced  as  a  viola- 
tion of  the  present  laws  of  warfare.  No 
Hague  Conventions  are  likely  to  abolish  it — 
if  there  are  any  more  such  ridiculous  things 
as  Hague  Conventions.  One  foresees  that  in- 
stead of  fortresses  henceforward  each  coun- 
try will  line  its  frontier  with  gas  jets,  which, 
being  invisible  and  their  works  subterranean, 
will  be  indestructible.  The  knowledge  that  his 
landing  on  these  shores,  if  etTected  at  all.  will 
be  greeted  by  blasts  of  his  own  poison-gas, 
made  as  noxious  as  chemistry  can  make  it. 
will     digress    the    enemy's    ardor     somewhat 


LATflST  U.  S.    PATENTS 

Full  specifications  and  drn-aings  of  any  pat- 
ent may  be  obtained  by  sending  five  cents  (not 
stamps)  to  the  Commissioner  of  Patents, 
iVcshington,  D.  C. 

1  he  following  official  notice  from  the  Com- 
missioner of  Patents  will  sufficiently  explain 
any  break  in  our  regular  weekly  reyx-rt  ..f 
patents   issued. 

Department  of  the  Interior, 
United  States  Patent  Office, 
Washington,  D.  C,  June  10.  191 5 
On  account  of  the  unusually  large  number 
of  patents  issued  during  the  current  fiscal  year 
the  regular  appropriation  of  $440,000  for 
printing  specifications  and  the  Official  Gazette 
and  a  supplemental  appropriation  of  $125,000 
have  been  nearly  exhausted.  It  will  not  be 
possible  to  issue  the  Gazette  for  June  15.  22 
and  29  on  these  dates.  These  issues  will  be 
sent  out  as  early  in  July  as  the  publication 
thereof  can  be  brought  about.  Owing  to  the 
resulting  congestion  there  probably  will  be 
some  delay  in  the  issues  of  the  Gazette  for 
July  until  conditions  in  the  office  of  the  Pub- 
lic Printer  again  become  normal.  There  will 
be  no  delay  in  the  issuance  of  patents,  designs, 
or  trade-marks. 

THOMAS  EWING. 
Commissioner  of   Patents. 

JUNE  1. 

1,141.109.  ELECTROPNEUMATIC        BRAKE 

FOR     RAILWAY-CARS.       James     S.     Dotlb. 

New  York.   N.   Y. 
1,141.114.      CONTROLLER    FOR    FLL'ID-PRES- 

SURE-ACTUATED      DEVICES.        Clark      T. 

Henderson.  Milwaukee.  Wis. 
1.141.159.      CONTROL- VALVE      DEVICE      FOR 

FLUID-PRESSL'RE     BRAKES.       Walter    V. 

TURNKR.    EdETiWOOd.    Pa. 
1.141.206.       CLl'TCH       FOR      A      PNF  '  T 

HAMMER.       Samuel    Oldham.     Phi  \, 

Pa. 
1,141.236.      UNIVERSAL     AIR-BLAST.        Jacob 

DiEHL.  Glcnboulah.  Wis. 
1,141.308.  POWER-GENERATOR.  GkorOT 

BOLTZ.  Amv.   Kans. 

The   combination   with   n    tank    for  (v^mpres^ed 
air.  a   reservoir  for  a  h\  "      "  *''^ 

tank  and  a  peneratin.e  >  '' 

M'lrt    within    the   water    uukv.  ^- 

:os    arrantT'd    at    one    end    i  - 

,  ....jnber.  a  grate  member  exten       .  :• 

of  the  generntins  chamber  and  confiiiins  the  as- 
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bestos  at  the  end  of  such  chamber,  a  valved 
spray  pipe  extending  through  the  water  tank 
and  into  the  generating  chamber  in  the  front  of 
the  grate,  said  spray  pipe  having  a  lateral  port 
therein  through  which  the  water  in  the  water 
tank  may  pass,  said  water  being  admitted  to 
the  generating  chamber  in  the  form  of  a  spray,  a 
pipe  leading  from  the  hydrocarbon  reservoir  to 
the  asbestos  body  to  supply  hydrocarbon  fluid 
thereto?  a  valved  pipe  for  conducting  air  under 
pressure  to  the  reservoir  to   force  the  hydrocar- 


bon fluid  therefrom  into  the  geneiating  chamber, 
a  valved  pipe  for  conducting  air  from  the  com- 
pressed air  tank  to  the  generating  chamber 
where  it  is  mixed  with  the  hydrocarbon  fluid  at 
the  asbestos  body  within  the  generating  cham- 
ber, a  valved  pipe  for  conducting  air  to  the  wat- 
er tank  to  force  the  water  into  the  generating 
chamber,  and  a  valved  pipe  for  conducting  the 
steam  and  heated  gases  generated  in  the  gener- 
ating chamber  to  the  point  of  use. 
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I.I  I  l.::i;"i.       l'Ni:i  MATIO    CL'SIIKjN.       IIkjcukut 

!•'.    Kriii'     hilpif.   KaiiM. 
l.HI.:{7!t        I'NKUMATKJ   ACTION    FOR  AUTO- 
MATIC   I'LAYIOItS.      Mki.vim.k   Clark,    Chlca- 
Ko.    111. 
1.141.4  17.      ROrJJN(;-MA(MIINK.      OSCAII    Dklu- 
wiTZ,  Ti'Kcl.   rpiir  Hirllii.  (Jtrm.'iny. 
I.    In    .'I    pllK)->'inK    mill,    tin-    rorublimtlori    r-om- 
pri.siii^f  ji   (•ylindcr  adapted   to   be  .supplied   with   a 
oompre.M.sed    liiiid.    a    pi.ston    iiionnted    within    .s.ild 
c'.N  liiidei-  Mild   iidapted   to  leave  a   hf»llovv   spatre   be- 
tween  a    portion   i\'(   .said   pi.ston    and    the    forward 
end  of  the  cyliiuler.  snUI  pi.ston  havitiK  means  of 
commindeation    with    the    hollow   space   and    bein'-T 
adapted    in    its  movement   to  el(»se  .said   means   of 
oommnniealion    so    as    to    foiin    a   cushion,    and    a 
mandrel   mounted   in   said   piston. 

i.ui.ns'.t.     KMiin-rRiossi'Ri':   automobile 

CONTHCJL   MKCIIANISM.      NICHOLAS  TayL(.i:. 
MuskoK«'e,    OUla. 
1.141.r.!»7.       VACUUM-CLEAXI:R.         Mokius       S. 
WiMciiT,    Worcester,    Mass. 


cotilact  wllb    '    1.   .I..I   .  .f.i*.     ..'..•    ,,.f.t  .ir.if.,^ 
(  1 )   cohnit,    ' 
1,141,975.      r 
L.     OHlKMt.v 

1,14 :•.<»::$.      .-  i  U8   FOR    DEN- 

TAL   CAMiN'.     Mj'.\i;.\  1  i  rf,       Edward    L. 
Chott,  ChlcaKo.   III. 

1.1 4'i.i <;•_'.      KLifi'  1'1'i^^i'hf:   cushioning 

AM)    \Vi:i(;i(l  \NI8M.      LuciBN    R- 

<;itiHS,    San    I' r 
1.14J.J71.       MKTHOL    A 

(;i:M:RATit>N    ok  : 

KLI'IO.        liK.VNKTT    \4.     JtrVKM.VI.r,     I'f.l!  il     . 

I'a. 
1.14J.2!>f».      COMF'RKSSOR.      WALTER  W.   Brov,  .,. 

Krie.    I'a. 
1.142,47S.        PERCUSSIVE     TOOL.        Lewis     C. 

Raylks.    F'aston.    Fa. 
l.irj.4S.3.      METHOD   OF    HUMIDIFYING    AIR. 

Wii.r.iAM    (i.    Ft.     liHAKMKR     and     Samuel     C. 

F.I.OO.M,   Camden.    N.   J. 
l.Uli.r.H.      rULSATOR-DRIVEN    PERCUSSIVE 

TOOL.     Arthur  H.  Gibson.   Easton.   Pa. 


H-N\ 
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1.141.(521.      PNEUMATIC 

SICAL  INSTRUMENT 

bridg:^'.  N.   Y. 
1.14  I  .r,:r{.  SELF-STARTING 

COMBUSTION         ENGINE. 

Hf:any,    Washington,    D.    C. 


SELF-PLAYING   MU- 
Lewis   B.   Doman,  E1- 


INTERNAL- 
JoHN        Allen 


JACK     HAMMER-DRILL.       Samuel 
Philadelphia.   Pa. 

BLOWING     SYSTEM      FOR     FUR- 
Heinrich   Poetter,   Dusseldorf,  Ger- 


1.141.G50. 

Oldham, 
1.141.652. 

NACES. 

manv. 
1.141.721.     ATOMIZER.     James  G.  Mastin.  Chi- 
cago, 111. 

JUNE    S. 
l.Ul.D.TS.       AIR-REGULATING     DEVICE     FOR 

CENTRIFUGAL    COMPRESSORS.      Clarence 

P.    (^RissEY.    East   Orange.    N.    J. 
1,141.939.       AIR-BRAKE     FOR     MOTOR-CARS. 

luviN  Cru.m,  Selma.   Ala. 
1.14  1.94S.  PRODUCTION         OF       AMMONIA. 

I'^HEDRIK   W.   DE  Jahn.    Now   Y'oik.    N.   Y. 

The  herein  described  process  of  producing  .am- 
monia, which  comprises  suitably  passing  a  gase- 
ous mixture  ct>ntaining  nitrogen  and  hydrogen 
under   a    pressure    less    than    100    atmospheres    in 


1.142.551.  FLUID-PRESSURE  MOTOR.  George 
W.    Burnhart.    Denver.    Colo. 

1.142.671.  PNEUMATIC  TOOL.  Benjamin  M. 
C.\RMiNA.    New    York.    N.    Y. 

1.142.762.  DEVICE  FOR  ELEVATING  FLUIDS. 
William  J.    McGiire.   Kewanoe.   III. 

1.142.772.  AIR-GAGE  APPLIANCE.  Carl  E. 
L.   LiPMAN,   Beloit.   Wis. 

JUNE   15. 

1,142.<502.  DRILLING  AND  BORING  MA- 
CHINE.     Joseph    L.    Didier.    Salisbury.    N.    C 

1.142.S2:*.  SHOCK-ABSORBER.  WiLLIAM  F. 
Lyons.    Kansas   City,    Mo. 

1.142.S27.  PROJECTILE  FOR  AIR  VESSEL.S. 
Richard  Machen-rach.  Schlebusch,  near  Co- 
logne.   German  V. 

1.142. SCO.  FLUID-PRESSURE  BRAKE.  Wal- 
ter V.  Turner,  Edgewood.  Pa. 

1.142.9S2.  MEANS  FOR  CLEANING  AIR,  Har- 
vey J.   Richardson.  Chicago.   111. 

1.143,061.  DEHUMIDIZER.  Glen  OBrien. 
Manhattan.   Kans. 

1.143.064.  PNEUMATIC  TURBINE-GRINDER. 
CiiAKLES    Perkins.    Bridgewater.    Mass. 
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1,143.1?.2.  PROCESS  OF  FIXING  ATMOS- 
PHERIC NITROGEN.  Samuel  Peacock. 
Chicago.    111. 

1.  Tlie  method  of  fixing  atmospheric  nitrogen 
in  fuel  fed  furnaces,  which  consists  in  providing 
a  suitable  furnace  charge  of  carbon  and  an  oxid 
the  carbon  being  in  such  excess  as  to  prechide 
the  formation  of  carbon  dioxid  during  tlie  pro- 
cess; and  feeding  free  nitrogen,  air  and  fuel  to 
said  furnace  and  thereby  subjecting  said  charge 
to  a  temperature  sufficient  to  fix  the  said  free 
nitrogen,  as  well  as  some  of  the  nitrogen  left  in 
said  air  after  the  oxygen  has  been  consiniied, 
substantially  as  described. 

1,143.1G9.       FIRE-EXTINGUISHING    APPARA- 
TUS.    EDW.Mtn  R.  Brodton,  Washington.  D.  C. 
1.143.230.       AIR-CONTROI.LED     DEVICE     FOR 
GAS-ENGINES.     William   A.  Root,   Benning- 
ton. Vt. 


1.143.677.       BLOWPIPE.       Milton     E.    Winans,. 

Newark,   N.  J. 
1.143,708.       APPARATUS     FOR     SEPARATING 

SHEETS   FROM   A   PILE   OR  STACK.      Jacob 

Heinrich.    Nuremberg,    Germany. 
1,143.833.      VACUUM-CLEANER.      William    H. 

Keller,   Pliilad^lphia.    Pa. 
1.143,923.      CRUDE-OIL   BURNER,     Edward  D. 

Vaknum,   San   Diego,   Cal. 
1,143,962.       AIR-MOISTENER.         Clarence      B. 

Haynes,   Camden,   N.    J. 
1,144.203.       PNELTMATICALLY     -     OPERATED 

WINDOW-CLEANER.         Frederic      William 

Hogg.  The  Dalles,   Oreg. 
1,144.297.       RIVETING-MACHINE.       Manley    J. 

Chaplin,    Seattle,    Wash. 

JUNE   29. 
1.144.342.       AIR-LIFT     FOR    ELEVATING     LI- 
QUIDS.     Benjamin   Andrews,    Houston,    Tex^ 
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1,143,327.       VACUUM     REGULATION.       Homer 
Clyde  Snook.  Cynwyd.  and  Edwin  W.  Kelly. 
Philadelphia,  Pa. 
1,143,346.        PNEUMATIC     TRIP.        Archie     M. 

Baird  and  Haicvey  D.  Palmer,  Topeka,  Kans. 
1,143,423.  GLASS-MOLDING       APPARATUS. 

FItED  C.  Mkss.ver  and  John  William  Lam- 
farter,  Moundsvill".  W.  A'a. 
1.143,473-4.  COXTRI VANCE  FOR  AUTOMAT- 
ICALLY DETECTING  THE  PRESENCE  O;-" 
CERTAIN  GASES  AND  VAPORS.  Alfred 
Williams  and  Leo  Daft  Williams,  London, 
England. 

1.  An  apparatus  for  detecting,  by  electrical 
maniff  stations,  the  prestnee  of  combustible 
ga.«<s  in  the  iitmosplif-re.  eomr'rising  a  casing 
having  an  open  ;uid  a  sealed  compartment,  a  pair 
of  thermo-electric  elements  in  the  open  compart- 
ment, a  catalytic  ekment  in  one  of  .said  thermo- 
'•l<ctrie  «l<nKnf«.  and  a  cirenit  f<^ir  said  thermo- 
electric elements,  a  voltmeter  and  .a  relay  insert- 
ed in  .said  circuit  and  situated  in  the  sealed. com- 
partment, and  means  for  m.aintaining  said  ther- 
mo-electric e|em«'nts  at  an  even  heat. 
1,143.533-4.  PRESSURE-ACTUATED  TOOL. 
George  H.  Gilman.  Claremont,  N.  H. 
JUNE  2  2. 
1,143.620.  TRIPLE- VALVj:-TESTING  APPA- 
RATi'S      Clyde  C.   Farmer,  Chicago,  III. 


1,144.358.  INS?:CT-CAPTURING  APPARA- 
Tl'S.  Knut  George  Gyllstrom,  Richmond 
Hill,  N.  Y. 

1,144.360.  VALVE  MECHANISM  FOR  GAS- 
COMPRESSORS.  Henry  W.  Jacobs  and 
Howard    H.   I>anning.  '{"opeka.   Kans. 

1,144.380.  COW-MILKING  MACHINE.  Albert 
Victor   Rackstraw,    Bedford.   Ohio. 

1,144.385.  DEVICE  FOR  THE  INJECTION  OF 
WATER  AT  HIGH  PRESSURE  INTO  THE 
AIR-REF I  EATERS  OF  TORPEDO-ENGINES. 
Eugene  Schneider,  Le  Creuzot,  France. 

1,144,400.  HAND  MOLDING-MACHINE  WITH 
LIFTING  ARRANGEMENT.  Antoine  Utard, 
Long*  vill<>.    l-'ianee. 

1.144.641.  COMPRESSOR-PUMP.  Edward  W. 
CoMFoirr,    \N'incliester.    Mass. 

1.144.806.  PNEUMATIC  EJECTOR.  Edward 
Cyril  Bowden-Smith,  Brockenhurst,  Eng- 
land. 

1.144.838.  HAND-RAMMER  OPERATED  BY 
C0.VIPRESSF:D  air.  Johann  Frteurich  Wil- 
helm   Griese,   Hamburg.   Gennany. 

1.144.86.-.  ROTARY  PUMP,  CONDENSER.  OR 
COMPRESSOR.  Edmund  Scott  Gusta\'e 
TtEES.    Wolverhampton,   England. 

1.144.931.  VACUUM-CLEANER.  ARCHER 

P.ooghkr.   Roan"1\'-.   \';i. 
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TO  GET  DRY  COMPRESSED  AIR 

BY    FRANK    RICHARDS. 

In  a  roci'iit  interesting  account  of  the  com- 
pressed air  installation  for  driving  a  tunnel, 
are  mentioned  two  compressors,  each  with  a 
rated  capacity  of  427  cu.  ft.  of  free  air  per 
minute.  Air  was  conducted  to  two  receivers 
In  the  compressor  house,  one  being  3  ft.  in 
diameter  by  8ft.  3  in.  long,  and  the  other  3 
ft.  6  in.  by  8  ft.,  then  into  the  mine  through 
a  4-in.  pipe  3725  ft.  long,  more  than  ^  of  a 
mile,  to  a  receiver  3  ft.  6  in.  by  8  ft.,  thence 
350  ft.  through  a  3-in.  pipe  line  to  the  start- 
ing point  of  the  tunnels,  and  through  3-in. 
branch   lines  to  within   50   ft.  of  the   faces. 

It  was  stated  that  the  compressors  were 
placed  outside  the  mine  "mainly  to  insure 
getting  dry  air,  as  the  atmosphere  inside  the 
mine  contains  a  large  amount  of  moisture  due 
to  the  sprinkling  to  lay  the  dust  and  the  natur- 
al wet  condition  of  parts  of  the  mine.  By 
having  the  compressors  outside  the  mine,  no 
trouble  whatever  was  experienced  from  the 
freezing  of  the  air  drills." 

The  statement  relating  to  the  compressed 
air  supply,  and  the  complete  avoidance  of  the 
freezing-up  trouble,  seems  to  call  for  some 
coninuMit.  since,  as  it  stands,  it  embodies  a 
l^revalent  misunderstanding  as  to  the  condi- 
tions to  be  observed  in  successful  compressed 
air    practice. 

Those  who  have  had  much  to  do  with  the 
use  of  compressed  air  for  driving  rock  drills, 
pumps,  etc..  are  sufficiently  familiar  with  the 
annoying  presence  of  water  in  the  air.  and 
of  the  trouble  it  is  apt  to  cause  by  freezing  up 
and  choking  the  exhaust  passages.  This  was 
certainly  not  lost  sight  of  in  the  description 
<ibove  referred  to.  since  we  are  told  in  it  that 


the  compressors  were  located  outside  the 
mine  "mainly  to  insure  getting  dry  air,"  and 
also  that  "by  having  the  compressor  thus  out- 
side the  mine,  no  trouble  was  experienced  by 
the  freezing  at  the  air  drill." 

Of  course,  the  story  as  told  is  true  enough, 
and  I  have  not  the  slightest  doubt  as  to  the 
facts  or  experiences  narrated ;  it  is  only  the 
deductions  or  explanations  given  about  which 
there  can  be  any  question.  Locating  the  com- 
pressor outside  the  mine  for  the  purpose  of 
getting  dry  air.  and  then  the  happy  experience 
with  the  drills  when  there  was  no  free  mois- 
ture to  freeze,  and  therefore  no  freezing  up, 
had  not  the  slightest  relation  to  each  other 
as  cause  and  effect. 

A  little  reflection  must  suggest  at  once  that 
hundreds  of  compressors  have  been  thus  lo- 
cated outside  mines  and  tunnels,  where  all  of 
them  could  have  been  expected  to  get  dry  air 
just  as  surely  as  in  this  case;  and  yet  it  has 
been  the  rule  rather  than  the  exception  that 
the  frills  or  other  tools  driven  by  the  air 
from  these  compressors  have  had  a  persistent 
habit  of  freezing  up,  not  alone  on  account  of 
the  low  temperatures  of  the  exhaust,  but  also, 
and  principally,  because  water  was  present  in 
sufficient  quantity  to  accumulate  in  the  form 
of  ice  in  the  exhaust  passages.  Evidently 
something  more  is  needed  than  the  location  of 
the  compressor  in  this  case  to  account  for 
the  immunity,  and  it  is  not  difficult  to  find  a 
sufficient  explanation. 

NO   AlK    15   PRV. 

There  is  no  such  thing  as  dr>'  atmospheric 
or  "free"  air.  Whenever  air  is  spoken  of  as 
"dry*'  it  is  only  that  it  is  drier  than  some  oth- 
er air.  And  hmv  could  it  be  otherwise,  when 
one  oi  the  most  important  and  perpetual  func- 
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tions  of  the  air  is  the  conveyance  and  distri- 
bution of  water  over  the  earth?  Air  is  always 
drier  in  some  places  and  wetter  in  some  places 
than  in  others.  Here  are  a  few  local  mean 
percentages  of  atmospheric  humidity  from  ta- 
bles of  the  U.  S.  Weather  Bureau :  Galves- 
ton, 85;  New  York  City,  7^;  Walla  Walla. 
Wash.,  65;  Rapid  City,  S.  Dak.,  60;  Salt  Lake 
City,  53;  Yuma,  Ariz.,  42;  El  Paso,  39.  It  is 
somewhat  curious  that  the  places  of  the  high- 
est and  lowest  humidity  in  the  United  States 
are  thus  both  in  Texas. 

Moisture  which  is  thus  intermixed  with  the 
air  is  in  the  form  of  perfectly  transparent  and 
invisible  vapor,  until  a  humidity  of  100  per 
cent,  or  the  point  of  saturation,  the  dew  point, 
is  reached,  which  may  be  said  always  to  oc- 
cur in  the  compression  and  transmission  of 
air  at  the  ordinary  working  pressures,  saj'  6 
atmospheres  or  75  lb.  gage,  and  immediately 
that  this  point  is  passed,  the  excess  of  mois- 
ture condenses  into  actual  water,  but  still 
mixed  with  the  air.  the  super-saturated  air 
then  appearing  as  fog  or  mist.  The  freed 
water  which  forms  the  cloud  will  slowly  set- 
tle out  of  the  air  if  it  is  quiet  long  enough. 
If  air  in  this  condition  is  passing  through  a 
pipe,  the  water  will  wet  the  interior  and  tric- 
kle down  to  the  bottom,  where  in  time  it  will 
form  a  flowing  stream  and  be  carried  along 
with   the  air  current. 

THE    UNSTABLE    DEW    POINT. 

The  saturation  point  of  air  constantly  var- 
ies, and  is  determined  by  its  pressure  and  its 
temperature,  especially  the  latter.  At  a  fixed 
temperature  any  given  volume  of  air  is  sat- 
urated when  it  contains  a  certain  quantity  of 
water  vapor,  and  this  almost  regardless  of  the 
pressure,  which  affects  the  capacitj-^  of  air  for 
water  vapor  only  by  changing  the  volume. 
If  the  absolute  pressure  of  a  certain  quantity 
of  air  is,  say,  doubled,  by  which  the  volume 
is  reduced  one-half,  the  moisture  capacity  is 
reduced  in  the  same  proportion,  so  that,  if  the 
humidity  of  the  free  air  is  50  per  cent,  this 
humidity  becomes  100  per  cent  when  the  air 
is  compressed  to  2  atmospheres,  or  15  lb.  gage, 
and  if  it  is  compressed  to  6  atmospheres,  90 
lb.  absolute,  or  75  lb.  gage,  a  very  common 
working  pressure,  the  humidity  becomes  300 
per  cent,  and  200  per  cent  of  this  the  air  will 
refuse  to  carry  as  vapor. 

That  is,  it  would  so  refuse  to  carrv  this  ex- 


cess of  moisture  if  its  temperature  remained 
constant,  which  thus  far  we  have  assumed  to 
be  the  case,  but  that  is  far  from  the  fact.  As 
air  is  compressed  its  temperature  rises  rapid- 
ly, and  with  each  rise  of  about  20  deg.  its 
capacity  for  moisture  is  doubled.  Starting 
with  free  air  at  60  deg.  F..  if  it  is  compressed 
to  75  lb.  gage,  its  temperature  at  delivery,  no 
matter  how  perfectly  the  cylinder  may  be 
water-jacked,  will  be  above  300  deg.,  so  that 
in  consequence  of  this  change  of  temperature, 
the  capacity  of  the  air  for  moisture  will  have 
been  doubled  so  many  times  that  when  it 
leaves  the  cylinder  the  relative  humidity  will 
be  quite  low,  although  it  still  carries  all  the 
moisture  with  which  it  started.  It  might  be 
called  exceedingly  dry  air,  and  with  the  re- 
ceiver placed  near  the  compressor,  as  it  gen- 
erally is,  its  temperature  in  passing  through 
the  receiver  will  still  be  too  high  for  it  to  get 
to  a  condition  beyond  saturation  and  release 
the  water;  and,  as  a  matter  of 'fact,  under  the 
conditions  here  suggested,  little  water  is  ever 
drawn  from  air  receivers  so  located. 

It  is  to  be  borne  in  mind  that  the  condi- 
tions under  which  compressed  air  will  have 
the  lowest  capacity  for  moisture  are  high  pres- 
sure and  low  temperature.  As  the  air  leaves 
the  compressor,  and  before  it  begins  to  be 
used,  it  is  of  course  at  its  highest  pressure, 
and  in  its  flow  through  the  pipes  its  tempera- 
ture is  reduced,  so  that  when  it  arrives  at  the 
point  where  its  work  is  to  be  done  it  should 
be  at  a  low  temperature  and  carry  a  minimum 
of  moisture,  if  the  opportunity  has  been  pro- 
vided for  getting  rid  of  the  moisture  as  it 
condenses. 

In  the  case  under  consideration,  the  air  was 
conveyed  through  the  pipe  line  more  than  ^ 
of  a  mile,  and  we  may  be  sure  that  it  was 
thoroughly  cooled  by  the  time  it  got  to  the 
end.  Long  before  it  got  there,  the  saturation 
point  was  reached,  and  the  water  began  to  wet 
the  pipe  and  to  flow  along  the  bottom  as  pre- 
viously mentioned.  This  water  would  finally 
be  carried  into  the  receiver  which,  fortunately 
was  provided  at  the  far  end  of  the  pipe,  and 
other  moisture  would  separate  from  it  while 
passing  through  the  receiver,  this  water  being 
drawn  off  from  time  to  time.  It  was  the  pres- 
ence of  this  receiver  which  prevented  the 
drills  from  freezing  up,  by  intercepting  the 
moisture  before  it  could  get  to  the  drills,  not 
the    locating   of    the    compressor    outside    the 
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tunnel,  whicli  really  had  nothing  to  do  with  it. 
A  receiver  or  some  means  of  catching  the 
water  after  the  air  has  made  its  run  through 
the  pipes  is  necessary,  hut  it  is  not  ea>y  to 
see  the  use  of  the  receivers  near  the  com- 
pressor, if  the  line  pipes  are  of  reasonable 
size. 

When  2-stage  compressors  arc  employed  for 
ordinary  working  pressures,  as  is  always  to  l>c 
recommended  and  is  now  quite  customary,  a 
little  of  the  water  may  be  intercepted  in  Ihc 
intercooler,  and  much  of  it  would  be  liberated 
by  an  aftercooler;  but  a  receiver  or  a  water 
separator  at  the  end  of  the  run  is  generally 
necessary  to  complete  the  work.  More  or  less 
water  is  sure  to  be  in  the  air  in  excess  of  its 
capacity,  and  its  presence  will  assert  itself  if 
it  is  not  disposed  of. — Practical  Engineer. 


here  reproduced  with  ncccs»rily  an  addition* 
al  abridgement  of  the  text. 

The  earliest  torinrdocs  were  14  in  in  diam- 
eter, 14  ft.  6  in.  long,  weighing  600  lbs  and 
carrying  a  charge  of  40  lb.  of  gun  cotton,  with 
a  range  of  450  yards  and  a  speed  of  20  knots. 
The  torpedo  of  to-day  has  a  minimum  diam- 
eter of  17.7  in.,  a  length  of  20.5  ft.  and  a 
weight  of  1540  lb.  It  carries  220  lb.  of  gun 
cotton  and  has  a  range  of  iioo  yds.  at  43  knots 
or  8700  yds.,  at  28  knots,  according  to  its  type. 
Speed  and  long  range  cannot  be  combined  in 
the  same  torpedo.  Some  of  the  navies  have 
torpedoes  much  larger  in  all  their  dimensions. 

The  Whitehead  torpedo  as  it  is  now  made 
consists  of:  (i)  The  striker  and  detonator; 
(j)  the  explosive  chamber;  (3)  the  com- 
pressed   air    reservoir;      (4)     the     machinery 

Compr»ised  Wet 
Gun  cGtton\ 


Compressed  Air 
'  Reservoir 


L.r±r- 


Jube  ef  Dry  Gun:co:con  &  jecoator 


FIG.      I.    SFCTIOX     OF     WHITEHI-.XD     TORPF.DO. 


THE  AUTOMOBILE  torpedo; 

In  the  world-war  which  still  rages  with  un- 
checked momentum  the  supreme  terror  is  the 
submarine,  and  the  submarine  is  nothing  ex- 
cept for  its  torpedo.  To  our  readers  espec- 
ially any  information  concerning  the  latter 
must  make  a  strong  appeal  since  compressed 
air,  as  will  appear,  is  its  breath  of  life. 

The  automobile  torpedo  is  not  a  novelty.  It 
was  invented  fifty  years  ago  by  an  engineer  of 
the  Austrian  navy  named  Lappis,  who  made 
his  first  torpedo  in  a  shop  at  Fiume,  a  sea- 
port on  the  Adriatic,  owned  by  Robert  White- 
head, an  Englishman.  The  first  torpedoes 
were  called  Luppis- Whitehead,'  but  the  first 
part  of  the  name  soon  dropped  off  and  the 
Whitehead  torpedo  has  been  known  all  over 
the  world  ever  since. 

Soon  after  our  civil  war  some  twenty  dif- 
ferent nations  bought  the  rights  to  use  the 
torpedo  and  many  of  them  have  continued  to 
develop  it.  the  changes  and  additions  not  al- 
ways coming  to  the  knowledge  of  the  public. 

An  elaborate  description  of  the  up-to-date 
torpedo  has  recently  appeared  in  Lc  Gcnic 
Civil,  of  Paris,  an  abstract  of  this  appearing 
later  in  Ihe  Engineer,  London,  whose  cuts  are 


chamber;  (5)  the  aft  flotation  chamber;  and 
(6)  the  tail  portion  which  carries  the  propel- 
lors  and  rudders,  see  Fig.  i. 

The  charge  of  explosive  is  contained  in  a 
metal  envelope  which  can  readily  be  detached 
from  the  rest  of  the  torpedo,  and  which  is 
called  by  the  French  the  cone  decharge.  The 
explosive  employed  in  the  French  navy  is  wet 
gun  cotton,  compressed  into  annular  cakes. 
which  are  piled  one  on  top  of  the  other. 
In  its  wet  state  the  gun  cotton  does  not  take 
fire  if  brought  into  contact  with  a  flame,  and 
is  not  detonated  even  by  very  powerful 
shocks.  It  can  even  be  cut  with  a  saw  or  drill 
if  care  be  taken  to  avoid  local  heating.  The 
amount  of  water  used  by  the  French  for 
dampening  is  as  much  as  25  per  cent  of  the 
weight  of  the  gun  cotton.  The  wet  cotton  is 
exploded  by  a  small  charge  of  dry  gun  cot- 
ton, which  is  itself  exploded  by  a  fulminating 
mercury  detonator.  The  dry  cotton  is  carried 
in  a  water  tight  cylinder,  and  it  is  put  in  its 
position  at  the  head  of  the  torpedo  just  be- 
fore firing.  The  detonator  is  at  the  front  end 
of  the  cylinder,  and  it  is  exploded  by  a  striker 
when  the  torpedo  comes  iti  contact  with  an 
obstacle. 

The  striking  head  of  the  torpedo  is  shown  in 


77i8 


COMPRESSED  AIR  MAGAZINE. 


FIG.    2.    THE    STRIKER. 

Fig.  2.  The  striker  is,  before  the  torpedo  is 
fired,  held  out  of  action  by  a  small  propeller 
arranged  in  front  of  the  striking  head  and 
screwed  to  it.  As  soon  as  the  torpedo  is  trav- 
eling through  the  water,  the  propeller  revolves 
and  travels  along  the  threads  of  the  screw  un- 
til it  has  reached  a  position  which  disengages 
the  striker  so  that  the  latter  is  free  to  move 
and  to  explode  the  detonator,  which  it  does  at 
the  moment  of  striking  the  object  aimed  at, 
whether  by  contact  with  the  striker  itself  or 
with  either  of  the  three  projecting  levers. 

Whitehead  first  tried  the  propelling  of  his 
torpedoes  by  the  wind  and  then  he  used  coiled 
up  springs  but  finally  adopted  compressed  air 
which  has  been  used  ever  since.  The  pressure 
at  first  was  about  1,200  lb.  per  sq.  in.,  but  to 
increase  the  speed  the  pressure  was  increased 
and  as  high  as  2100  lb.  was  employed. 

REHEATING    THE    AIR. 

It  was  found,  however,  that  so  much  cold 
was  produced  by  the  sudden  expansion  of  the 
air  at  this  pressure  that  ice  appeared  in  such 
quantities  that  the  operation  of  the  machinery 
was  interfered  with.  To  counteract  this  it 
was  determined  to  reheat  the  air  inside  the 
torpedo.     The   first  device  having  this  object 


was  the  apparatus  of  the  Bliss  torpedo.  In 
this  the  combustible  liquid  was  set  fire  to  at 
the  moment  the  torpedo  was  discharged.  At 
the  present  time  gasolene  or  alcohol  is  em- 
plo3'ed.  It  is  contained  in  a  separate  reser- 
voir and  it  is  burnt  in  a  special  appliance  call- 
ed the  reheater.  M.  Gesztesy  also  had  the 
idea  of  injecting  water  in  a  fine  spray  into  the 
heater.  This  water  on  being  vaporized  pre- 
vents an  excessive  increase  of  temperature 
and  also  increases  the  volume  of  the  products 
of  combustion  all  available  for  motor  driving. 

The  Gesztesy  system  is  shown  diagrammat- 
ically  in  Fig.  3.  The  inflammable  liquid,  gas- 
olene or  alcohol,  heats  not  only  the  compressed 
air  but  also  the  injected  water  which  is  thus 
vaporized  and  mingled  with  the  air.  In  Fig. 
3,  A  is  the  compressed  air  reservoir.  From 
it  a  pipe  k  leads  to  cock  C,  from  which  an- 
other pipe  k^  leads  to  a  pressure  regulator  D, 
which  in  its  turn  is  connected  by  a  pipe  k'  to  a 
"retarder"  I.  From  the  latter  the  air  passes 
to  the  combustion  chamber  or  reheater  E. 
Beneath  the  latter  is  a  combustil)le  reservoir 
F,  from  which  a  pipe  a  leads  up  to  E. 

The  retarder  I,  shown  in  section  in  Fig.  4, 
has  for  its  object  the  gradual  setting  in  oper- 
ation of  the  main  engines,  and  the  regulation 
of  the  supply  gasolene  and  water  to  the  re- 
heater, as  well  as  the  firing  of  the  combustible 
mixture.  By  this  it  is  possible  when  firing 
a  torpedo  from  an  above  water  tube  to  delay 
the  starting  of  the  motor  machinery  until  the 
torpedo  is  actually  in  the  water. 

The  retarder  consists.  Fig.  4,  of  a  cylinder 
provided  with  two  pistons,  N  and  N\  both 
keyed  to  the  same  spindle.  When  the  cock 
C,  Fig.  3,  is  closed,  so  that  no  air  is  passing, 
the  two  pistons  occupy  the  position  shown; 
that  is  to  say,  they  arc  pushed  as  high  up  as 
they  will  go  in  the  C3dindcr  under  the  action 
of  spring  O,  and  the  piston  N  covers  the  dis- 
charge port  D,  iMg.  4.  while  the  piston  N' 
presses  upward  against  the  stop  P.  When  the 
air  is  admitted  through  pipe  A  the  pistons  can 
only  descend  slowly,  for  first  of  all  the  resist- 
ance of  the  spring  O  has  to  be  overcome,  and 
then  the  oil  which  fills  the  cylinder  underneath 
N'  has  to  be  forced  through  the  hole  Q  as  the 
piston  descends ;  hence  several  seconds  must 
elapse  before  port  D  is  fully  open. 

Part  of  the  Combustion  chamber  E,  Fig.  3, 
is  provided  with  double  walls.  There  is  first 
of  all  an  outer  case  b  which  is  seated  on  the 
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FIG.    3.    GESZTESY   REH EATER, 


:gasolene  reservoir.  Inside  this  there  is  a  cyl- 
inder c,  the  bottom  of  which,  having  the  form 
of  a  truncated  cone,  is  furnished  with  an  an- 
nular plate.  It  is  this  cylinder  which  is  the 
combustion  chamber  properly  so-called.  Be- 
tween the  case  b  and  the  cylinder  c  there  is  an 
annular  space  e.  The  pipe  a  which  comes  up- 
ward from  the  reservoir  is  furnished  with  a 
•cylindrical  portion  g  which  has  transverse 
•channels  h.  This  portion  g  divides  the  lower 
part  of  the  space  c  into  two  parts,  of  which 
the  lower  is  in  communication  with  the  space 
e  by  means  of  the  holes  ».  The  air  arriving 
from  the  reservoir  A  enters  the  annular  space 
e  through  the  pipe  R.  Around  the  cover  or 
•case  t  is  a  circular  channel  /,  to  which  is  at- 
tached the  water  pipe  711  and  which  communi- 
cates with  the  annular  space  d  by  means  of 
small  holes.  A  tube  0  joins  the  retarder  I 
with  the  benzine  reservoir  and  a  tube  p  joins 
the  retarder  to  the  water  reservoir  G,  so  that 
the  air  pressure  will  tend  to  force  the  water 
up  through  the  pipe  m. 

The  lighting  arrangement  11  is  put  in  oper- 
:ation  by  the  compressed  air,  which  reaches  it 
through  the  pipe  R.  As  soon  as  the  torpedo 
motor  is  started  an  inflammable  substance, 
which  burns  slowly  and  remains  lighted  for 
about  seven  seconds,  catches  fire  and  the 
flames   are  led   into   the  combustion  chamber. 

The  working  of  the  reheater  may  be  ex- 
plained as  follows.  As  soon  as  the  torpedo 
is  fired  the  cock  C,  Fig.  3,  opens  and  the  air 
flows  to  the  regulator,  which  reduces  the  prcs- 
:sure  to  that   required    for  use.     The  air  then 


llows  tliruugh  the  retarder  into  the  combus- 
tion chamber,  in  which  it  mingles  in  the 
annular  space  d  with  the  combustible  liquid 
coming  up  the  pipe  a  from  the  reservoir  F, 
and  with  water  coming  from  the  reservoir  G. 
The  air  entering  the  space  e  is  divided  into 
two  portions.  One  of  these,  entering  through 
tile  holes  i  in  the  lower  part  of  the  combus- 
tion chamber,  passes  between  /  and  g  and 
lifts  and  pulverizes  the  benzine  flowing  from 
the  orifice  in  the  siphon  a  and  pushes  the 
vapor  thus  formed  up  to  the  level  of  H,  where 
it  inflames.  The  other  portion  of  this  air 
flows  across  the  space  d,  in  which  it  pulver- 
izes the  water  which  arrives  by  the  pipe  m 
and  causes  it  to  mingle  with  the  products  of 
combustion  arriving  from  lower  down  in  the 
apparatus.  The  air,  the  products  of  combus- 
tion and  the  water  vapor  then  pass  away  to- 
gether to  the  engine  through  the  pipe  M.  The 
temperature  in  the  combustion  chamber  r'ses 
to  about  250  deg.  Cent.,  and  this  is  also  the 
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FIG.    5.    SECTION  THROUGH   ENGINE  COMPARTMENT, 


temperature  of  the  combined  mixture,  which 
is  high  enough  to  annul  the  freezing  effect 
brought  about  by  the  expansion  of  the  gases 
as  they  are  exhausted  from  the  engine. 
Moreover,  the  energy  contained  in  these  gases 
is  greatly  in  excess  of  that  in  the  air  alone, 
and  this  fact  has  resulted  in  a  considerable 
increase  in  the  radius  of  action  of  torpedoes 
without  an  increase  of  their  dimensions. 

The  motor  which  propels  the  torpedo  is  of 
the  four  cylinder  Brotherhood  type,  with  the 
cylinders  arranged  at  right  angles  and  all  op- 
erating upon  a  single  crank.  It  is  designed 
to  develop  120  horsepower  with  an  air  pres- 
sure of  570  lb.  and  at  speed  of  1200  revs,  per 
min.  The  shaft  is  made  hollow  so  as  to  allow 
the  escape  of  the  gases  after  doing  their  work, 
the  exhaust  being  thus  liberated  at  the  rear  of 
the  propellers.     There  are  two  propellers,  one 


rigidly  secured  to  the  main  shaft  and  the  other 
to  a  hollow  shaft  or  sleeve.  These  shafts  by 
the  aid  of  gearing  revolve  in  opposite  direc- 
tions, this  being  done  to  avoid  irregularities  in 
the  travel  of  the  torpedo  and  also  to  counter- 
act the  tendency  to  roll  the  torpedo  over.  A 
section  of  a  Whitehead  torpedo,  taken  through 
the  engine  compartment,  is  shown  in  Fig.  5. 
In  this  the  four  cylinders  of  the  motor  are 
designated  by  the  numbers  i,  2,  3,  and  4;  the 
pressure  reducer  by  A,  the  retarder  by  B,  and 
the  reheater  by  C. 

Elaborate  devices  are  employed  for  steer- 
ing the  torpedo  and  especially  for  controlling 
its  striking  depth.  In  these  details  there  have 
been  various  developments,  some  of  them 
more  or  less  secret,  so  that  no  complete  de- 
scription can  be  attempted. 

The  arrangements  for  securing  that  the  tor- 
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FIG.    6.    DIAGRAM    OF    DKl'TH    CONTROLLING    APPARATUS. 


pedo  shall  strike  the  object  at  the  desired 
depth  are  shown  diagrammatically  in  Fig.  6. 
In  this  P  is  a  piston,  one  side  of  which  is  open 
to  the  water  in  which  the  torpedo  is  immersed 
the  other  side  being  engaged  by  a  spring,  the 


FIG.    7.    RUUDKR    AND    PROPELLERS. 

pressure  of  which  can  be  varied  to  suit  dif- 
ferent depths  of  submersion.  The  stroke  of 
this  piston  is  only  a  few  milli-meters.  A  pen- 
dulum p  is  hung  on  knife  edges  at  c,  and  its 
oscillations  are  limited  to  3  or  4  degrees  by 
means  of   spring  buffers   r  r'  pressing  against 


stops.  The  movements  of  the  piston  P  are 
transmitted  by  a  connecting-rod  to  a  point  a 
on  a  lever  which  is  pivoted  at  0  to  the  pendu- 
lum />.  The  other  end  of  the  lever  is  con- 
nected to  a  relay  or  servo-motor  S,  which  is 
worked  by  compressed  air  and  which  controls 
the  position  of  a  plate  G  which  forms  a  hori- 
zontal rudder.  The  exact  position  of  this  rud- 
der varies  in  different  types  of  torpedo.  In 
Fig.  7  it  is  in  front  at  both  sides  of  the  pro- 
pellers, as  shown  at  a.  In  some  cases,  as  is 
in  fact  seen  in  Fig.  i.  the  rudder  is  behind  the 
propellers.  If  these  plates  be  horizontal,  as 
in  diagram  I,  Fig.  6,  the  torpedo  will  travel 
horizontally.  This  will  be  the  condition  when 
the  pressures  on  both  sides  of  the  piston  P  arc 
equal.  Should,  however,  the  torpedo  have  a 
tendency  to  dive  or  to  go  into  deeper  water, 
the  pressure  on  the  water  side  of  P  would  be- 
come greater  than  that  due  to  the  spring,  and 
the  consequence  would  be  that  the  plate  G 
would  be  brought  to  the  angle  shown  in  dia- 
gram II,  Fig.  6.  This  would  of  course  tend  to 
make  the  torpedo  rise  to  the  surface.  On  the 
other  hand,  should  the  torpedo  tend  to  rise  to 
tlie  surface  the  water  pressure  on  P  would  be 
overcome  by  the  spring  and  the  plate  G  would 
be  brought  to  the  position  shown  in  diagram 
in.   and  the  torpedo  would  then   be  directed 


FIG.    8.    SECTION    SHOWING    VARIOUS    PARTS. 
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downward.  When  the  pressures  on  the  two 
sides  of  P  become  equal  the  rudder  G  again 
becomes  horizontal. 

As  a  matter  of  fact,  what  happens  in  prac- 
tice is  that  the  torpedo,  which  is  very  rarely 
fired  at  the  deptli  at  which  it  is  intended  to 
strike,  eventuallj'  reaches  that  depth  by  a 
series  of  oscillations,  the  amplitude  of  which 
gradually  decreases  until  the  desired  immer- 
sion is  attained.  The  ordinary  depth  of  im- 
mersion for  the  attack  of  battleships  and 
cruisers  is  nearly  loft.  but  torpedoes  can  be 
regulated  for  much  less  depths  than  this,  so 
that  the  Germans  have  been  able  to  use  them 
with  success  against  small  merchant  vessels 
and  trawlers  only  drawing  perhaps  between 
5ft.  and  6ft.  of  water. 

For  controlling  the  direction  of  the  torpedo 
vertical  rudders — sec  b  b,  Fig.  7 — are  employ- 
ed. These  are  controlled  by  means  of  a  gyro- 
scope. If  the  tendency  of  the  torpedo  is  to 
deviate  to  one  side  or  the  other  of  the  line  in 
which  it  is  aimed  the  gyroscope  automatically 
brings  it  back  again.  Here,  too,  there  are  in 
practice  oscillations  of  decreasing  amplitude 
before  an  undeviating  line  is  reached,  since 
the  torpedo,  having  deviated,  is  brought  back 
over  the  centre  line  before  it  can  be  stopped. 
The  relative  positions  of  the  hydro-pendulum 
and  the  gyroscope  are  shown  in  Fig.  8. 


ROCK-DRILL   NICKNAMES 

Rock  drills,  like  human  beings,  acquire  nick- 
names. Some  were  derived  from  those  of  the 
pioneer  drill  manufacturers,  others  were  orig- 
inally trade  names  of  the  drills  and  gradually 
became  accepted  as  representing  that  entire 
type  of  drill.  In  other  cases  the  names  are 
descriptive  of  the  action  of  the  machines.  The 
pioneer  in  the  rock-drill  field  was  the  Bur- 
leigh drill,  introduced  in  the  Hoosac  Tunnel 
in  1866  by  the  Burleigh  Rock  Drill  Co.,  of 
Fitchburg,  Mass.  This  was  one  of  the  first 
large  engineering  undertakings  in  this  country, 
the  object  being  to  tunnel  the  Green  Moun- 
tains, the  natural  barrier  to  traffic  between 
New  York  and  the  New  England  States.  The 
Burleigh  rock  drills,  later  used  in  the  Wes- 
tern mines  in  considerable  numbers,  were 
quite  heavy  and  required  two  men  to  handle 
them.  When  the  smaller,  one-man  drills  were 
introduced,  the  runners  still  continued  to  call 


all  heavy,  two-man  drills  "burleighs,"  irrespec- 
tive of  make.  Opposed  to  the  "burleigh"  is 
the  "chippy,"  the  name  given  to  all  piston  ma- 
chines lighter  in  weight  and  running  more 
rapidly.  As  the  demand  on  one-man  drills  in 
recent  years  has  been  for  more  and  more 
speed  and  strength,  the  machines  have  in- 
creased in  weight  to  such  an  extent  that  the 
application  is  now  hard  to  see.  The  "Waugh" 
was  one  of  the  first  stoping  drills  to  appear. 
In  some  of  the  Western  camps  the  miners  still 
commonly  refer  to  any  stoper  as  a  "waugh." 
Down  South  a  stoper  is  commonly  known  as 
a  "warrior,"  a  peculiar  development  from  the 
original  name,  explainable  only  by  the  collo- 
quial peculiarity.  For  a  similar  reason,  or 
lack  of  reason,  the  hollow-steel  hand-hammer 
drill  is  commonly  called  a  "murphy."  The 
name  "jap"  is  also  sometimes  applied  to  this 
type  of  drill,  and  is  derived  from  the  trade 
name  "Little  Jap."  Among  the  highly  coloured 
names  sometimes  heard  among  the  miners  for 
the  stoping  drill  are  the  "wiggle-tail"  and  the 
"window-maker."  The  "wiggle-tail"  is  very 
descriptive  of  the  operation  of  the  machine, 
and  the  "window-maker"  refers  to  the  un- 
healthy effect  the  dust  has  on  the  miners' 
lungs.  Fortunately,  the  introduction  of  spray- 
ers, bags  and  atomizers  for  laying  or  catching 
the  dust  at  the  mouth  of  the  hole,  and  the 
enforcement  of  the  use  of  them  by  some  State 
laws,  are  a  start  in  the  right  direction  toward 
making  the  last-mentioned  name  inapplicable. 
When  the  first  self-rotating  hammer  drill  was 
introduced  several  years  ago,  it  was  given  the 
name  of  "Jackhammer"  by  the  manufacturer. 
This  name  had  taken  such  a  hold  by  the  time 
competitive  self-rotating  hammer  drills  ap- 
peared that  it  was  found  quite  difficult  to  apply 
any  other  name  which  would  be  accepted  and 
adopted  by  the  drill  men.  With  the  one-man 
piston  drills  and  the  use  of  hammer  drills  for 
drifting,  it  appears  only  a  question  of  time 
until  the  "burlejgh,"  or  heavy  two-man  piston 
drill,  will  be  used  very  little  underground. 
When  the  self-rotating  stoper  becomes  fully 
developed  and  generally  adopted,  no  more  u.se 
will  be  had  for  the  tail  or  the  "wiggle-tail," 
and  this  creature  will  die  a  natural  death.  It 
would  seem  that,  with  the  tendency  toward 
lighter-weight  hammer  drills  and  self-rotation 
in  stoping  drills,  the  miner  of  the  future  will 
have  an  easy  time  of  it. —  I.  R.  McFarland,  in 
the  Rnginecring  Journal. 
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POINTS  ABOUT  AIR-COMPRI^SSOR  PRACTICE 

1!V    K.     II.    K(»\VI..\M». 

Tlu'  installation  of  a  cotiiprcsscMl-air  plant 
calls  fur  a  larKc  initial  invistnicnt.  hnt  oner 
istaMislu'd,  it  is  not  (.'xpt-nsivc  to  maintain 
Tlu-  lirst  cost  should  not  be  coiisidcTcd  too 
niucli.  the  work  to  be  done  sbonld  be  well  con- 
sidered, and  a  plant  established  of  snflkicnt 
size,  not  only  to  supply  the  present  require- 
ments, but  to  have  ample  margin  to  permit  an 
increase  of  from  25  to  50  i)er  cent,  in  air  con- 
sumption. The  installation  should  be  tirst- 
class  in  every  item,  and  in  order  to  minimize 
the  losses,  only  good  workmanship  and  sound 
material   should  be  used. 

Tn  order  to  properly  determine,  say  for 
mine  traction,  the  size  of  motor  and  the  tank 
capacity,  it  is  in  most  cases  necessary  to  work 
(Hit  in  foot-pounds  the  energy  for  doing  this 
work.  The  factors  entering  into  this  calcula- 
tion arc:  (i)  Weights  of  the  empty  and  load- 
ed cars ;  (2)  f  rictional  resistance,  which  is 
dependent  on  the  condition  of  road  and  roll- 
ing stock;  (3)  grade  resistance,  which  is  the 
severest  condition  of  grade;  (4)  curve  resist- 
ance, depending  on  the  sharpness  and  length 
of  the  curves;  and  (5)  the  daily  output  and 
most  desirable  size  of  train.  Having  determ- 
ined these  conditions,  the  size  of  the  motor 
and  storage  tanks  required  can  be  readily  de- 
termined. 

L.\WS     GOVERNING     COMPRESSION. 

To  intending  users  of  compressed  air  a 
knowledge  of  the  laws  governing  the  changes 
in  the  temperature,  pressure  and  volume  of 
air  should  be  of  value.  They  are  as  follows: 
Let 

I\J^  and  T:=Thc   initial   pressure,   volume  and 
absolute    temperature,    respective- 
ly, of  a  given  weight  of  air. 
and 
p.  V  and  t=The    linal    pressure,    volume,    and 
absolute    temperature,    respective- 
ly, of  a  given  weight  of  air, 
then 

At  constant  temperature.  PJ'  =z  />?•       (a) 
/'         T 
.\t  constant  pressure.  —  =z  —  (b) 

7>  t 

P         T 
At  constant  volume.  —  =  —  (c) 

P  t 


1  he    followhiK    formulas    apply    if    air    be 
coinpre.s.scd   or  expanded   adiabatically : 


7 


P         VvJ 

(T  (7)' 


/  ,1 . 


^c) 


1  he  units  of  work  U  required  to  compress 
a  volume  of  air  /'  to  a  volume  of  air  r.  or 

to  compress  a  volume  of  air  /'   from  F  to  p, 
are  : 

I.  Adiabatically,  that  is,  without  loss  of  the 
heat  due  to  compression  : 


U  = 


0.408 


(f> 


2.  Isothermally.  that  is.  at  constant  temper- 
ature. 

/• 
U  =  P  r  /ly/'.  log-  (g) 

When  air  is  compressed  adiabatically.  the 
rise  in  its  temperature  is  an  exact  measure  of 
the  work  done  upon  it;  and  therefore  the 
units  of  work  required  to  compress  it  can  be 
calculated  from  the  increase  in  temperature. 
The  rise  in  temperature  /  —  7'  is  given  by  (e), 
and  the  units  of  work  equal  this  quantity  mul- 
tiplied by  the  weight  of  air  in  pounds  by  the 
specific  heat  of  air  at  constant  volume  ex- 
pressed in  foot-pounds,  namely,  130.2.  Th'is 
it   //"  —  weight  of  the  air  in  pounds, 

r  =   (t  —  T)    JV   130.2  (h> 

It  is  generally  known  that  when  air  is  ex- 
panded it  becomes  cooler,  that  its  pressure. 
if  confined,  is  increased  when  heated,  and  that 
it  is  cooled  when  the  pressure  is  reduced ; 
also,  that  the  compression  oi  air  (or  any  gas 
or  steam  )  is  accompanied  by  a  rise  in  temper- 
ature, but  specific  information  regarding  the 
resulting  loss  of  power  and  the  extent  to 
which  this  heating  effect  can  be  neutralized  by 
pri>per  construction  and  design  is  not  always 
accessible.  There  are  two  limiting  conditions 
under  which  the  compression  of  air  may  he 
accomi  lished. 

Assume  that  a  compressor  compresses  air 
at  about  atmospheric  pressure  and  at  63  deg. 
V.  into  one-third  of  its  former  volume.  It 
is  known  that  at  a  constant  temperature  its 
pressure    would    then    be    45    lb.    absolute   and 
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(45  —  15)  30  lb.  above  the  atmospheric  pres- 
sure. Inasmuch,  however,  as  the  temperature 
is  not  constant  and  rises,  the  compression  into 
one-third  volume  will  in  this  case  actually 
raise  the  air  temperature  from  63  deg.  F.  to 
360.  This  temperature  should  therefore  give 
a  pressure  of  about  55  lb.  above  atmospheric 
pressure  instead  of  30  lb.,  and  if  the  air  could 
be  kept  at  this  high  temperature,  it  would  re- 
main at  this  pressure  and  the  result  would 
be  perfect,  inasmuch  as  when  the  air  was 
used  in  the  cj'linder  it  would  expand  from 
55  lb.  above  atmosphere  to  the  atmospheric 
pressure,  and  at  the  same  time  would  cool 
from  360  deg.  F.  to  63.  If  the  heat  of  com- 
pression is  removed  as  fast  as  generated  and 
the  compression  proceeds  under  a  uniform 
temperature,  it  is  said  to  be  isothermal,  and 
the  compression  curve  follows  the  line  ABC 
in  the  diagram. 
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ADIABATIC    AND    ISOTHERMAL    COMPRESSION. 

If  this  could  be  accomplished,  the  air,  when 
used,  would  give  back  practically  the  same 
amount  of  work  as  had  been  performed  upon 
it  in  compressing,  and  if  practicable,  the  heat 
absorbed  from  the  air  by  the  cooling  agent 
could  be  applied  to  the  air  during  its  reex- 
pansion  in  use  along  a  similar  isothermal 
curve,  the  result  being  perfect  thermodynamic 
efificienc}'.  It  is  toward  an  approximate  reali- 
zation of  these  ideal  conditions  that  com- 
pressor practice  is  directed.  l)Ut  in  service  the 
compressed  air  has  to  be  taken  a  long  way 
in  pipes,  and  since  these  pipes  radiate  the  heat, 
the   air   is   correspondingly  cooled;   and   if   it 
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should  be  cooled  down  to  its  original  tempera- 
ture (63  deg.  F.)  while  still  occupying  the  same 
volume,  its  pressure  will  have  fallen  to  30 
lb.  above  atmosphere ;  and  this  is  wdiat  does 
occi  r. 

In  the  diagram  the  line  ADE  represents 
adiabatic  compression,  during  which  no  heat 
is  removed  from  the  air  and  in  consequence 
of  which  the  temperature  rises.  The  result 
of  this  rise  in  temperature  is  plain;  since  a 
given  weight  of  air  at  a  given  pressure  occu- 
pies a  volume  proportional  to  its  absolute 
temperature,  the  volumes  at  all  pressures  are 
greater  in  adiabatic  than  in  isothermal  com- 
pression, in  a  ratio  increasing  with  the  pres- 
sure; and  since  the  work  of  compression  and 
discharge  is  represented  by  the  area  in  the 
diaj>ram  to  the  fight  of  the  curve  along  which 
compression  is  accomplished,  it  will  be  seen 
that  the  area  ADECB  stands  for  the  waste 
of  energy  caused  by  allowing  the  heat  of 
compression  to  remain  in  the  air. 

The  efficiency  is  the  percentage  which  tlie 
power  given  out  by  the  motor  bears  to  the 
power  required  to  compress  the  air  in  the 
compressor,  and  the  ultimate  power  develop- 
ed at  the  motor  is  often  a  small  percentage 
of  the  power  expended.  In  many  cases  loss- 
ers  are  due  to  poor  design  and  faulty  installa- 
tion, and  the  efficiency  often  may  be  as  low- 
as  30  per  cent. ;  wdiich  w^ould  perhaps  appear 
misleading  and  unfavorable  if  the  manner  in 
which  the  power  is  used  were  not  considered. 

LOSSES    IN    COMPRESSION. 

In  adopting  recent  designs,  with  all  the  lat- 
est improvements,  the  cubic  feet  of  air  com- 
pressed per  hour  per  horsepower  has  been  con- 
siderably increased.  The  power  can  be  trans- 
mitted, say  at  a  pressure  of  60  lb.,  two  miles 
distant  with  an  efficiency  of  about  60  per  cent, 
on  the  indicated  horsepower  of  the  compres- 
sor engine,  and  without  reheating.  By  heat- 
ing the  air  this  efficiency  can  be  raised  to 
about  80  per  cent. 

The  primary  causes  of  loss  are:  First,  gen- 
eration of  heat  during  compression,  which 
passes  away  by  radiation  without  producing 
useful  effect;  this  loss  of  heat  representjm? 
an  equivalent  loss  of  work.  Secondly,  dur- 
mg  compression,  the  temperature  of  the  air 
being  increased,  its  bulk  is  increased.  Also, 
during  compression  from  atmospheric  pres- 
sure to  45  lb.  above,   its  bulk  is  increased  so 
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imirli  li\  tlif  iiKTiaM-  in  li-mpcratiirc  thai  wli.it 
sludild  l)t'  Iwi)  bi'CotiH'.s  tlirtc  iiil)ic  feet  in  llu- 
air  cyliiuk-r ;  wlicrras  on  leas  Iiik  it.  with  rc- 
(!ucti()ii  ajs'ain  of  the  tiin|nraturr.  the  hulk 
is  aj^aiii  ri(hict'<l  to  two  ciihic  fci-t,  so  tliat  the 
compression  is  performed  on  a  larger  hulk  of 
air  than  that  which  work  is  ohtained  from. 
This  is  the  most  important  point.  'Ihirdly. 
inahility  to  get  full  ex|)ansion  out  of  tlie  com- 
pressed air  at  the  motor.  The  air  on  arriving 
at  the  motor  is  at  or  near  the  temperature  of 
the  atmosphere  and  always  holds  some  mois- 
ture in  suspension.  On  expanding  in  the  cyl- 
inder of  the  motor,  its  temperature  will  fall 
so  much  that  the  moisture  will  freeze  and  ice 
will  form  in  the  exhaust  passage  of  the 
engine. 

Other  causes  of  loss,  or  secondary  causes, 
are :  Resistance  to  air  passing  through  suc- 
tion and  delivery  valves,  clearance  losses  in 
cylinder,  leakage  past  the  piston,  losses  from 
friction  of  mechanism,  losses  in  air  mains 
from  leakages,  and  from  friction  in  air  mains 
of  too  small  diameter. 

There  have  been  several  methods  adopted 
for  diminishing  the  loss  of  power  in  com- 
pressing air,  and  the  primarj'  losses  described 
above  have  to  some  extent  been  obviated  by 
surrounding  the  compressor  cylinders  w^th 
cold  water,  or  water-jacketing,  so  that  the 
surface  of  the  cylinder  shall  not  be  heated 
during  compression.  This  reduces  the  volume 
of  the  air,  and  consequently  less  work  has  to 
be  done  upon  it  to  compress  it.  and  therefore 
less  heat  is  generated  in  compression.  Bv 
this  means  the  temperature  is  not  raised  high, 
and  therefore  less  heat,  that  is,  less  work,  is 
lost  by  radiation  during  the  operation.  It  is 
also  necessar}'  to  cool  the  cylinders  for  other 
reasons,  such  as  lubrication  and  the  packing 
of  the  piston  rod  and  valves.  Also,  when  the 
cylinder  is  very  hot,  the  air  that  enters  from 
the  atmosphere  is  at  once  heated  and  expand- 
ed, before  the  inlet  valve  has  closed;  and  thus 
the  air  compressed  by  each  stroke  will  fill  a 
smaller  volume  when  it  has  cooled  in  the  re- 
ceiver and  pipes.  This  smaller  volume  at 
equal  temperature  and  pressure  represents  a 
proportionately  smaller  quantity  of  work. 

MULTI-STAGE    COMPRESSION. 

Another  method  is  to  adopt  stage  compres- 
sion with  intermediate  cooling,  which  means 
discharging   the   air    from    the   cylinder   after 


pal  ii.ii  t '  Miipr  <■>  Mon  n.ii  i*f<ii  effected.  Com- 
pletely reinoviuK  the  heat  t^ctH-Taiicfi  during 
the  first  compression  and  then  compressing  to 
I'lnal  pressure  in  another  cylinder  This  meth- 
od is  called  two-stage  compression,  and  when 
repeated  one  or  more  times  for  high  pres- 
sures, multi-stage  compression. 

In  two-stage  and  multi-stage  compression 
the  air  may  be  compressed  to  .15  ll>.  in  the 
low-pressure  cylinder,  then  passed  through  the 
intermefliate  cooler  to  the  high-pressure  cyl- 
inder for  further  compression.  Tor  pressures 
of  iouv  atmospiieres  and  upward,  the  extra 
first  cost,  etc.,  of  a  stage  compressor  will  pay 
for  itself  in  a  short  time,  because  .the  loss 
which  arises  from  heating  of  the  air  increases 
rapidly  as  the  pressure  increases.  Stage  com- 
pression  reduces  these  losses. 

Cylinder  jackets  arc  indispensable  in  keep- 
ing the  cylinder  walls  sufficiently  cool  for  ef- 
fective lubrication  and  in  the  prevention  of 
cumulative  heating.  At  ordinary  speeds  the 
indicator  diagrams  from  an  air  cylinder  show 
a  compression  line  approaching  the  adiabatic 
curve  much  more  closely  than  the  isothermal. 
Diagrams  having  compression  lines  deviating 
considerably  from  the  adiabatic  are  naturally 
regarded  with  suspicion,  and  leaks  through 
the  valves  or  past  the  piston  may  be  consid- 
ered  probable. 

The  chief  advantages  of  multi-stage  over 
single-stage  compression  are : 

1.  Lower  average  temperature,  resulting  in 
lower  average  pressure  and  permitting  the 
compression  of  the  same  volume  of  air  with 
less  expenditure  x>i  energy. 

2.  Increased  safety  and  ease  of  lubrication. 
When  high  final  temperatures  prevail,  part  of 
the  lubricating  oil  vaporizes,  and  wear  on  the 
piston  and  C3linder  becomes  rapid.  Under 
exceptional  circumstances  the  combination  of 
air  and  oil  vapor  may  reach  the  proportions 
of  an  explosive  mixture,  and  if  the  compres- 
sion temperature  passes  its  tiash  point,  dam- 
age may  result.  Such  accidents  are  rare  even 
in  single-stage  w  ork ;  in  multi-stage  ci>mpres- 
sion,  with  proper  intercooling.  they  are  im- 
probable, if  not  impossible. 

^.  Greater  effective  capacity  in  free  air.  The 
final  pressure  in  the  low-pressure  cylinder  is 
much  lower  than  in  the  single-stage  machine, 
and  the  air  confined  in  the  clearance  spaces 
when  expanded  to  atmosphere  occupies  com- 
paratively little  space.     Consequently,  the  in- 
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flow  of  air  through  the  suction  valves  begins 
at  an   earlier  point  in  the  stroke. 

Referring  again  to  the  diagram  and  assum- 
ing the  compression  in  each  cylinder  to  he 
adiabatic,  the  compression  curve  is  represent- 
ed by  the  interrupted  line  ADBll ;  the  com- 
pression proceedingly  adiabetically  in  the  first 
cylinder  to  D;  the  air  then  being  withdrawn 
and  cooled  in  a  suitable  vessel,  usually  call- 
ed an  intercooler,  until  its  initial  temperature 
is  reached  and  its  volume  reduced  from  ID  to 
IB;  with  good  intercooler  arrangements  it 
may  be  further  reduced,  being  then  introduc- 
ed into  a  second  cylinder  and  compressed 
adiabatically,  as  before,  along  the  line  BH. 
The  energy  required  to  compress  and  dis- 
charge a  given  quantity  of  air  under  isother- 
mal conditions  (perfect  efficiency)  is  propor- 
tional to  the  area  indicated  by  ABCFG.  The 
waste  energy  in  two-stage  compression  (prop- 
er conditions,  of  course,  being  assumed)  is 
proportional  to  the  two  smaller  areas  ADB 
and  BHC ;  while  the  loss  of  energy  in  adia- 
batic (approximately  single-stage)  compres- 
sion is  represented  by  the  whole  area  ADECB. 
The  saving  effected  by  constructing  the  air 
end  for  two  stages  is,  therefore,  represented 
by  the  portion  DEHB. 

PREVENTING    ICE    FORMATJON    AT    EXHAUST. 

As  it  is  uneconomical  to  use  air  without  ex- 
pansion, some  means  must  be  adopted  to  use 
it  expansively  without  being  encumbered  with 
the  freezing  difficulty.  Several  methods  have 
been  devised  for  heating  the  air  before  it 
reaches  the  motor,  so  as  to  obtain  the  neces- 
sary expansion  and  avoid  the  freezing.  When 
compressed  air  is  used  to  drive  an  engine, 
the  air  has  already  cooled  down  nearly  to 
its  former  temperature.  When  it  is  expanded 
in  the  cylinder  down  to  atmospheric  pres- 
sure, its  temperature  falls  very  low,  and  thus 
its  pressure  on  the  i)iston  falls  much  more 
rapidly  than  it  would  if  the  temperature  re- 
mained constant.  When  the  air  is  exhausted 
its  temperature  is  usually  much  below  the 
freezing  temperature  of  water,  and  therefore, 
the  moisture  in  the  air  is  frozen  on  the  ex- 
haust valves  and  causes  much  trouble  by  chok- 
ing them  with  ice.  In  the  writer's  opinion. 
the  best  means  to  adopt  to  diminish  the  loss 
from  this  cause  would  be  to  provide  air  re- 
ceivers of  a  large  size,  both  near  the  com- 
pressor on   the  surface  and  near  the  engines 


underground,  where  the  air  is  used ;  these,  to- 
gether with  air  mains  of  ample  dimensions, 
would  give  sufficient  time  to  deposit  mois- 
ture, and  with  large  and  straight  exhaust 
passages  no  trouble  need  be  experienced  from 
ice,  because  if  there  is  no  water  or  moisture, 
there  can  be  no  ice. 

Jn  dealing  with  the  secondary  losses  that 
may  occur  by  the  suction  valves  not  being 
large  enough  or  the  springs  upon  them  being 
too  strong  (the  negative  suction  pressure 
sometimes  amounting  to  2  or  3  lb.  per  sq.in. 
— a  serious  loss  of  power),  valves  actuated 
mechanically  are  to  be  preferred,  but  these 
are  more  suitable  for  large-sized  compres- 
sors, and  are  often  found  to  be  too  great  a 
refinement   for   small   ones. 

ATTENTION   TO   DELIVERY   VALVES 

Delivery  valves  should  be  properly  adjust- 
ed, capacious,  easy  and  quick  in  action.  They 
should  open  immediately  the  piston  pressure 
equals  the  receiver  pressure  and  should  close 
again  immediately  it  becomes  less.  The  com- 
pressor cylinder  should  be  frequently  indicated 
to  see  that  the  valves  are  in  proper  working 
order. 

Clearance  losses  also  are  troublesome.  The 
piston  should,  of  course,  work  as  close  as 
possible  to  the  cover,  so  as  to  reduce  the 
clearance  space  to  a  minimum.  Only  the  best 
kind  of  piston  rings  should  be  used  in  the 
air  cylinders.  The  piston  of  an  air  compres- 
sor is  more  difficult  to  keep  tight  than  a 
steam  piston ;  the  moisture  from  the  steam 
helps  to  keep  the  piston  ring  tight,  but  the 
reverse  happens  with  dry  air. 

LOSSES   DUE  TO    MECHANICAL   FRICTION 

The  losses  from  friction  of  mechanism  de- 
pend chiefly  on  the  accuracy  of  workmanship, 
the  arrangement  of  the  compressor  and  the 
efficiency  of  lubrication;  all  of  which  should 
be  well  attended  to  in  the  design  and  future 
working  of  the  compressor.  F.qually  so.  good 
and  reliable  workmanship  will  often  result  in 
diminishing  the  losses  from  leakage  in  the 
air  mains.  Tn  poor  arrangements  great  loss 
will  result  from  leakages  at  the  joints  of  the 
air  pipes,  and  more  care  is  necessary  with 
these  than  with  steam  pipes,  because  a  leakage 
of  steam  can  easily  be  seen,  whereas  small 
leakages  of  air  cannot.  Good  joints  should 
be  made  at  first,  providing  properly  for  con- 
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traction  and  expansion,  and  tlu-y  will  \(\\v 
little  trouble  afterward.  The  air  mains  shoidd 
be  sufllcicntiy  lar^e.  The  loss  due  to  friction 
in  air  mains  increases,  not  directly  as  the  ve- 
locity, but  as  the  square  of  the  velocity.  Should 
the  air  mains  be  too  small,  it  is  evident  that 
the  air  will  be  wire-drawn,  the  pressure  will 
be  diminished,  and  the  greatly  increased  velo- 
city will  produce  increased  friction.  The  de- 
livery in  the  pii)cs  should  be  more  than  ccjual 
to  the  quantity  tiiat  the  engines  vvorkrd  arc 
capable    of    taking   out. 

WHEN      TO      USK      SINGLE — AND      WHEN      TO      U.SE 
MULTI-STAGE    COMPRESSORS. 

The  decision  of  air-power  users  in  regard 
to  the  method  of  compression  must  be  the  re- 
sult of  compromise'between  considerations  of 
first  cost  and  running  cost.  Below  60  lb. 
terminal  pressure  the  adiabatic  loss  is  com- 
paratively trivial,  and  within  this  limit  and  at 
low  altitudes  single-stage  compression  is  to 
t)e  recommended.  Between  60  and  100  lb.  the 
amount  of  fuel  is  usually  the  determining 
factor  in  a  choice,  though  high  altitude  may 
also  enter  the  question.  Al)ove  100  lb.  both 
safety  and  economy  speak  for  two-stage,  and 
above   500  lb.,  multi-stage  compressors. 

With  increase  in  altitude,  the  atmospheric 
pressure  decreases  from  15  lb.  per  sq.in.  at 
sea  level  to  about  10  11).  at  10,000  ft.  above  sea 
level.  Since  the  density  of  the  air  decreases 
with  its  pressure,  it  is  obvious  that  at  such  al- 
titude the  total  weight  of  air  handled  by  a 
^iven  displacement  is  considerably  less  than  at 
sea  level  and  that  to  fill  any  volume  with  air 
compressed  to  90  lb.,  a  greater  free-air  dis- 
placement will  be  necessary  than  would  be 
required  at  sea  level.  As  the  heat  generated 
during  compression  is  dependent  upon  the 
number  of  compressions,  and  since  this  num- 
"ber  when  compressing,  for  instance  to  80  lb., 
is  considerably  increased  at  higher  altitudes, 
it  naturally  follows  that  two-stage  compres- 
sion is  more  imperatively  needed  at  high  alti- 
tudes than  it  is  at  sea  level. — Pozvcr,  some- 
what abridged. 


A  PNEUMATIC  OBSERVATION  TOWER 

The  half -tone  here  reproduced  from  Pop- 
ular Mechanics  shows  the  essential  features 
of  a  novel  observation  tower  for  popular 
amusement  which  has  been  built  at  or  near 
one  of  the  parks  of  Chicago.  It  may  be  de- 
scribed  as  a  glass   cylinder   or  tube  200   feet 


I'.NKLMATIC  onSEKVATION    TOW  KK. 

high  and  .^o  feet  in  diameter  traversed  by  a 
piston  which  is  driven  up  the  tube  by  com- 
pressed air  carrying  within  or  upon  it  a  load 
of  passengers  up  to  125  at  a  time.  The  tube 
is  not  strictly  cylindrical,  having  12  flat  sides 
which  are  composed  of  more  than  i.ooo  win- 
dow sashes  with  over  15.000  panes  of  plate 
glass.  There  is  of  course  a  heavy  and  elab- 
orate steel  framework  amply  strong  and 
staged  to  resist  all  possible  stresses,  with  a 
liberal  factor  of  safety.  The  glass  lining  is 
said  to  be  capable  of  resisting  an  internal 
pressure  of  10  lbs.  to  the  square  inch,  while  to 
raise  the  full  load  of  passengers  to  the  top 
onl}'  1'4  lb.  per  square  inch  is  required.  There 
are  rods  over  the  top  to  prevent  the  carriage 
from  being  driven  up  out  of  the  tube  and  be- 
sides this  precaution  there  are  posts  provided 
near  the  top  of  the  tower  which  will  permit 
the  surplus  of  air  to  escape  when  the  carriage 
reaches  the  top.  About  two  and  a  half  min- 
utes are  used  for  the  ascent  and  the  descent  is 
completed  under  control.  The  operation  of 
the  device  is  said  to  be  entirely  satisfactory. 
Visitors  of  course  have  a  practically  unob- 
structed view  all  the  way  up  as  well  as  when 
reaching  the  top. 
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IMPROVEMENTS  INI'DECOMPRESSION  OF  , 
DIVERS 

In  (living  to  locate  the  sunken  submarine 
"F-4."  outside  of  Honolulu  harbor,  Chief 
Gunner's  Mate  Frank  Crilley  of  the  United 
States  Xavy  broke  all  deep-submergence  rec- 
ords by  going  down  to  a  depth  of  288  feet. 

The  public  has  been  amazed  by  this  per- 
formance, and  has  naturally  wondered  how 
the  human  body  could  withstand  the  enor- 
mous pressure  of  the  enveloping  water  at  that 
depth.  However,  that  record  does  not  out- 
strip the  possibilities  of  our  physical  endur- 
ance. No  less  an  authority  than  Prof.  J.  S. 
Haldane,  M.  D..  F.  R.  S.,  has  declared,  "It 
would  seem  probable  that  a  man  supplied  with 
air  in  the  usual  way  might  dive  to  about  four 
hundred  feet!"  Wliy,  then,  is  it  that  so  many 
under-water  workers  have  heretofore  lost 
their  lives  through  asphyxiation,  paralysis, 
etc.,  after  dives  at  much  more  modest  depths 
and  following  their  return  to  the  surface  in 
apparently  sound  conditions?  In  answering 
this  we  shall  tell  how  Crilley  and  his  mates 
have  done  the  work  they  have,  and,  at  the 
same  time,  we  shall  acknowledge  our  indebted- 
ness to  that  committee,  instituted  by  the  Brit- 
ish Admiralty  some  years  ago,  which  blazed 
the  way  to  our  present  fuller  understanding  of 
the  physiological  circumstances  involved  in 
pressure  work,  whether  it  be  that  of  the  diver 
or  the  sand  hog  in  the  caisson.  The  human 
body  is  decidedly  complex  and  all  parts  of  it 
are  not  reached  by  the  arterial  circulation  in 
the  same  period  of  time.  The  capillaries  car- 
ry the  blood  much  more  slowly  than  do  the 
active  arteries  of  the  main  circulation,  and, 
again,  the  tissues  fed  by  the  capillaries  take  up 
the  blood  at  a  still  more  sluggish  rate.  Re- 
versing this  process,  the  blood  that  has  reached 
the  tissues  returns  to  the  venous  ebb  of  the 
main  circulation  last,  and  this  may  mean  a  lag 
of  an  hour  or  more  under  some  conditions. 
Let  us  see  what  is  the  possible  outcome  of 
this  tardiness. 

When  a  diver  breathes  air  under  pressure, 
the  blood  in  the  cells  of  the  lungs  absorbs  the 
air  under  that  pressure — both  the  oxygen  and 
the  nitrogen — and  the  arteries  carry  it  into 
the  body.  The  longer  the  man  is  under  pres- 
sure the  farther  the  absorbed  gases  v/ill  be 
carried  into  the  system  by  the  stages  we  have 
already   described.     The   higher   the   pressure 


the  more  serious  this  becomes  as  the  body 
reaches  general  saturation.  Now  a  considera- 
ble part  of  the  oxygen  undergoes  a  cher.-.ical 
change  through  its  action  upon  the  body  sub- 
stance, but  not  so  with  the  nitrogen,  and  all 
tliat  is  absorbed  in  the  system  must  again  pass 
out  by  the  circulation  in  such  fashion  that  the 
gas  shall  not  have  a  chance  to  produce  bub- 
bles. The  deeper  the  nitrogen,  carrying  with 
it  its  initial  pressure,  penetrates  the  tissues  the 
longer  the  time  re(iuired  to  make  sure  of  its 
retreat  in  its  soluble  union  with  the  blood. 

If  nitrogen  Inibbles  form  through  a  diver's 
sudden  ascent  or  decompression,  and  thosfe 
bubbles  press  upon  nerve  centres  or  grow  in 
volume  enough  to  choke  the  heart  and  thus 
block  the  normal  life  stream,  then  paralysis 
or  death,  as  the  case  may  be,  will  follov/. 
While  the  general  circulation  will  quickly  ad- 
just itself  to  lessened  pressure,  the  capillaries 
and  the  outlying  tissues  are  much  more  tardy 
and  the  welfare  of  the  diver  hinges  entirely 
upon  the  time  devoted  to  his  decompression 
But  the  British  investigators  established, 
among  other  things,  this  fact  of  prime  prac- 
tical importance — something  of  the  utmost 
commercial  value.  No  matter  how  deep  the 
diver  had  gone  or  the  length  of  time  of  his 
stay  on  the  bottom,  it  was  perfectly  safe  to 
bring  him  up  quickly,  at  the  rate  of  a  foot  a 
second,  to  a  depth  corresponding  to  half  oT 
the  total  absolute  pressure  to  which  he  had 
been  subjected.  For  instance,  if  he  had  been 
down  to  a  depth  of  175  feet,  with  a  hydro- 
static pressure  of  75  pounds  and  an  atmospher- 
ic pressure  of  15  pounds,  making  a  total  of  90 
pounds,  it  would  be  perfectly  proper  to  bring 
him  up  to  a  point  where  the  combined  pres- 
sures did  not  exceed  45  pounds,  or  let  us  say, 
70  feet  below  the  surface.  This  sudden  rise 
of  105  feet  would  still  insure  against  the 
formation  of  nitrogen  bubbles  in  the  body, 
while  it  would  get  the  man  out  of  the  more 
dangerous  pressure  zone  below. 

Were  he  brought  up  slowly  from  175  feet, 
as  was  so  long  the  practice,  the  greater  pres- 
sure and  the  length  of  his  time  in  it  would 
have  driven  the  nitrogen  deeper  into  his  tis- 
sues and  thus  increased  the  measure  of  his 
saturation.  From  70  feet  up,  the  period  of 
decompression  can  be  abridged  by  lo-foot 
stages  of  ascent,  and  these  concluding  steps  or 
pauses  are  lengthened  as  the  surface  is  neared 
— the  longest  halt  being  the  last  one  below  the 
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surface  wlnii  llic  fmal  snrcharKt*  of  nitrogen 
is  lirouKlit  into  tlu*  miicral  rirtulation  and 
carried  out  of  the  body  with  tljc  hrcath.  Wlicu 
CrilU-y's  associate,  Drcllishak.  led  the  way  in 
this  deep-water  work,  by  Koing  down  to  a 
depth  of  274  feet,  he  was  hehl,  wlien  ascend- 
ing, at  ten  feej  below  the  surface  for  more 
than  hour,  hi  this  luanner,  recourse  to  the 
recompression  chamber  was  obviated. 

lUit  so  eminent  an  authority  as  William 
Wallace  Wotherspoon,  who  had  charge  of 
the  salvage  operations  on  the  "Empress  of 
Ireland."  where  his  men  worked  160  feet 
down  in  very  cold  water,  believes  that  a  dis- 
tinct advance  can  be  made  in  the  art  by  bring- 
ing the  men  to  the  10- foot  depth  as  now,  but 
then  to  take  them  out  of  the  water  and  to  put 
them  into  the  recompression  chamber  for  de- 
compression— thus  avoiding  the  long  suspen- 
sion in  the  water  near  the  surface,  which  must 
sap  the  vitality.  He  logically  believes  it  is 
better  to  place  the  men  in  the  chamber,  where 
they  can  rest  after  getting  out  of  their  diving 
dress  and  damp  garb,  and,  if  necessary,  be 
given  something  warm  to  drink.  A  sudden 
squall  would  endanger  the  life  of  a  diver 
hanging  overboard  from  a  vessel  a  short  dis- 
tance below  the  surface,  and  practical  com- 
mercial reasons  would  argue  in  favor  of  sub- 
stituting the  recompression  chaml)cr  for  a 
prolonged  halt  at  the  final  stage  of  ascent. 

Despite  the  extraordinary  work  of  Crilley 
and  his  companions  at  Honolulu,  a  word  of 
warning  is  due  to  those  who  prophesy  that 
divers  will  soon  be  able  to  go  still  deeper.  It 
must  be  remembered  that  compressed  air 
means  compressed  oxygen  as  well,  and  oxygen 
highly  concentrated  in  this  fashion  becomes  a 
pronounced  irritant  when  inhaled  for  a  con- 
siderable period.  Crilley,  himself,  developed 
pneumonia  shortly  after  his  last  submergence, 
and  the  condition  of  his  lungs  since  has  been 
of  a  grave  character.  While  science  has 
made  it  possible  for  the  human  body  to  bat- 
tle successfully  with  the  heavy  pressures  of 
deep  submergence,  it  has  not  done  away  with 
the  chemical  problems  that  must  of  necessity 
persist.  An  excess  of  oxygen  will  inflame  the 
lungs  when  exposure  exceeds  certain  physi- 
cal powers  of  endurance.  Trr  this,  we  see  one 
more  barrier  that  nature  interposes  to  man's 
penetrating  farther  into  the  ocean's  depths. 
— Scientific  American. 


SKETCH    OF   SHONE   EJECTOR. 

TEST  OF  A  SHONE  EJECTOR 

BY  C.   S.   MOORE.* 

The  Shone  ejector,  a  device  for  raising  sew- 
age by  means  of  compressed  air,  has  been  in 
use  more  or  less  for  nearly  forty  years.  It 
may  be  clearly  understood  by  reference  to  tlie 
above  cut. 

Sewage  is  admitted  through  the  inlet  pipe 
A,  gradually  rising  in  the  ejector  till  it  reaches 
the  under  side  of  the  bell  D,  thus  enclosing 
therein  the  air  at  atmospheric  pressure.  As 
tiie  sewage  continues  to  rise  above  the  edges 
of  the  bell,  this  air  is  compressed  sufficiently 
to  raise  the  bell  with  its  attached  spindle,  tlius 
opening  the  compressed  air  admission  valve 
E.  The  compressed  air  thus  admitted  exerts 
pressure  on  the  top  of  the  sewage,  the  check 
valve  in  the  inlet  pipe  A  closes,  that  in  the 
outlet  pipe  B  opens,  and  the  sewage  is  forced 
out  of  the  bell-mouthed  bottom  opening 
through  the  outlet  valve  and  the  raising  main, 
to  the  outlet  pipe  B.  which  communicates  di- 
rectly with  the  gravity  sewer.  As  the  sewage 
passes  out,  its  level  falls  till  the  cup,  C.  is  left 
full  of  water  unsupported  by  the  liquid  pres- 
sure, whose  weight  causes  the  cup  to  descend 
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pulling  down  the  bell  and  spindle  and  thereby 
reversing  the  compressed  air  admission  valve, 
which  first  cuts  off  the  supply  of  compressed 
air,  and  then  opens  the  exhaust  valve  through 
which  the  air  in  the  ejector  exhausts  down  to 
atmospheric  pressure.  The  outlet  valve  falls 
on  its  scat,  the  inlet  valve  opens,  and  the  sew- 
age fills  the  ejector  again,  driving  the  air  out 
through  the  air  exhaust  valve  as  it  rises.  The 
positions  of  the  bell  and  cup  are  so  adjusted 
that  the  compressed  air  is  not  admitted  till  the 
ejector  is  filled  with  sewage,  and  is  not  al- 
lowed to  exhaust  till  the  sewage  has  fallen  to 
the  discharge  level.  The  spindle  is  attached 
at  the  top  to  a  lever  provided  with  an  adjust- 
able counterweight,  which,  acting  as  a  balance 
to  the  weight  of  the  cup,  C,  permits  a  range 
of  adjustment  of  the  discharge  level  from  a 
level  where  the  falling  sewage  first  leaves  an 
appreciable  weight  in  the  cup,  to  a  level  which 
clears  the  cup  entirely. 

In  Ithaca.  X.  Y.,  two  of  the  four  collecting 
mains  of  the  sewerage  system  are  brought  to 
an  ejector  station,  where  the  sewage  is  lifted 
8.  feet  by  two  500-gallon  Shone  ejectors  placed 
in  a  circular  chamber  13.3  feet  diameter, 
whose  floor  is  22  feet  below  the  street.  One 
of  these  ejectors  was  tested  for  efficiency,  as 
described  below. 

In  this  plant  compressed  air  is  supplied 
through  an  air  main  of  6-inch  cast  iron  pipe 
4,018  feet  long.  Compressed  air  is  furnished 
by  two  Rand  Drill  Co.'s  Class  B  steam  air 
compressors,  connected  to  a  receiving  tank 
whose  gauge  pressure  is  kept  between  13  and 
15  lbs.  The  air  and  steam  cylinders  of  this 
plant  were  fitted  with  Crosby  indicators.  The 
revolutions  were  recorded  by  a  continuous 
counter.  A  thermometer  cup  was  inserted  in 
the  flow  pii)e  for  the  air  cylinder  jacket-water 
and  the  outflow  led  by  pieces  of  rubber  hose 
to  the  weighing  tank  on  small  platform  scales. 
Another  thermometer  cup  was  inserted  at  the 
junction  of  the  air  pipes  from  the  two  com- 
pressors. 

To  be  complete,  the  test  required : 

I;  An  efliciency  test  of  the  compressor. 

2.  An  efficiency  test  of  the  air  main. 

3.  An  efficiency  test  of  the  ejector. 

Since  the  ejector  plant  had  to  be  kept  in  op- 
eration more  or  less  continuously,  a  number  of 
half-hour  runs  for  the  compressor  test  with 
fifteen-minute  intervals,  was  adopted,  and  sev- 


en such  runs  were  made  with  the  compressor 
pumping  through  the  nozzle.  Steam  and  air 
cards  were  taken  from  each  side  of  the  com- 
pressor every  five  minutes,  as  were  also  read- 
ings of  the  continuous  counter,  air-tank  and 
air-nozzle  gauges,  with  corresponding  temper- 
atures, weight  and  initial  and  final  tempera- 
tures, weight  and  initial  and  final  temperatures 
of  jacket  water,  and  temperatures  of  the  room 
and  of  the  outside  air.  Seven  runs  were  made 
and  the  average  efficiency  of  the  air  cylinder 
was  found  to  be  77.87%. 

For  tlie  efficiency  test  of  the  air  main,  the 
same  method  was  adopted  and  the  same  read- 
ings taken,  except  that  the  air  nozzle  with  its 
gauge  and  thermometer  was  removed  from 
the  receiving  tank  and  attached  to  the  end  of 
the  air  main  in  the  ejector  chamber,  where  the 
atmospheric  temperature  was  noted.  Five 
runs  were  made  and  the  results  were  as  fol- 
lows:  Averages  of  mechanical  efficiency  both 
runs,  83.05%,  run  numl)er  two,  48.94%  effi- 
ciency for  air  delivered.  Efficiency  from  steam 
cylinder  to  nozzle  on  ejector=83.05X4894= 
40.64%.  Efficiency  of  transmission^. 4894-f- 
77.87=62.85%. 

For  the  efficiency  test  of  the  ejector,  a 
three-hour  continuous  run  was  made  with  the 
ejectors  performing  their  regular  duty,  the 
southern  ejector  discharging  at  intervals  of 
three  and  one-half  minutes  and  the  northern 
at  intervals  of  forty-five  minutes.  Steam 
cards  and  readings  of  the  continuous  counter 
and  of  the  tank  gauge  were  taken  at  the  com- 
pressor at  intervals  of  ten  minutes,  while  at 
the  ejector  were  taken  the  number  of  ejections 
and  time  of  discharge  and  gauge  readings 
just  before,  at  the  minimum  pressure  during 
and  just  after  discharge. 

it  was  decided  to  measure  the  volume  of 
discharge  in  order  to  be  more  certain  of  the 
results,  and  to  siphon  out  and  measure  the 
contents  of  the  ejectors.  It  was  found  that 
the  capacity  was  481.5  British  gallons,  or  578.1 
U.  S.  gallons,  instead  of  the  500  gallons 
claimed. 

The  average  for  runs  r  and  2  of  the  ratios 
between  the  respective  horsepower  totals  gave 
for  the  mechanical  efficiency  of  the  compres- 
sor 83.05%. 

The  number  of  cubic  feet  of  air  pumped 
per  minute  through  the  nozzle  during  Run  No 
I  having  been  found  from  the  nozzle  calibra- 
tion curve,  the  energy  stored  therein  was  cal- 
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<:ulat(<|  I  111-  average  pcrceiUaKc  <>f  these  re- 
sults to  the  l.il.l*.  of  the  air  cylinders  i^ 
ll^l'/t^  which  represents  the  elhciency  of  the 
air  cylinder,  taking?  into  account  the  loss  di'.o 
to  heating  and  compressing  the  air. 

I'Or  Kun  No.  j  in  the  same  way  the  eftkien- 
cy  referred  to  the  air  cylinder  was  found  as 
48.94%.  where  the  eOiciency  of  transmission 
through  the  air  main  becomes  48.94^77.87--; 
()j.85V< .  I'Vom  tile  ilata  of  Run  No.  3  were 
computed  the  efficiencies  of  the  entire  plant 
from  the  T.I  I. P.  of  the  steam  cylinder  and 
the  1 1.1'.  of  the  ejector  computed  on  the  hasis 
of  4S10  pounds  of  water  lifted  per  each  ejec- 
tion through  : 

1.  An  effective  lift  of  8.17  feet  from  the  in- 
flow pipe  to  the  end  of  the  discharge  pipe  one 
block  distant. 

2.  A  pump  lift  of  15.37  feet,  being  the  above 
lift  plus  the  friction  head  due  to  forcing  the 
sewage  through  451  feet  of  u-inch  iron  out- 
let pipe,  which  flows  full  during  the  time  ol 
the  ejector  discharge  (about  14  seconds). 
This  corresponds  to  a  velocity  of  7  feet  per 
second,  for  which  the  friction  head  was  cal- 
culated to  be  7.2  feet. 

3.  The  actual  lift  of  17.96  feet,  being  the 
pump  lift  plus  the  lift  due  to  the  fall  of  the 
sewage  from  the  entering  main  to  the  top  of 
the  ejector  dome  (0.59  feet)  plus  the  addi- 
tional lift  due  to  the  center  of  gravity  of  the 
ejector  ccuitents  being  about  mid-depth  of  the 
mass   (2  feet)   below  the  top  of  the  dome. 

The  average  efficiency  of  effective  lift  was 
found  to  be  7.39%;  of  pump  lift,  14.01%,  and 
of  actual  lift,  16.39%. 

From  these  efficiencies  and  the  efficiency  be- 
tween the  steam  cylinder  and  the  nozzle  in 
the  Run  No.  2  (i.  e.,  48.947c  of  83.05%-- 
40.64%)  the  corresponding  efiiciencies  of  the 
ejector  proper  were  determined,  as   follows: 

Efficiency  of  ejector=Eff.  of  total  plantH- 
Eff.  from  steam  cylinder  to  nozzle  in  Run  2. 

The  efficiency  of  the  ejector  for  the  actual 
lift  (40.33%)  may  be  considered  very  satis- 
factory. The  efficiency  of  the  total  plant  is 
low  on  account  of  the  low  efficiency  of  trans- 
mission. 


—    -■  ■    ■■  —  -  ■    -  .1 


It  is  said  that  the  only  standard  of  size  that 
is  uniform  all  over  the  world  is  that  of  mov- 
ing-picture films,  which  are  universally  made 
,\y^  in.  wide. 
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SUBERS  PROCESS  AIR  BRAKE  HOSE 

The  construction  of  this  hose  is  clearly 
shown  in  the  half-tone.  In  the  making  of 
wiiat  is  termed  wrapped  hose,  which  has  been 
in  general  use,  the  fabric  is  cut  on  the  bias. 
overlapped  and  wrapped  directly  over  the 
tube.  The  lap  of  the  fabric  in  hose  of  this 
type  varies  the  thickness  often  as  much  as 
I  32  in.,  and  when  it  is  cut  through  a  section 
shows  that  the  fal^ric  is  not  thoroughly  im- 
pregnated with  the  rubber. 

Under  the  Subers  process  the  wrapping  ma- 
terial consists  of  parallel  cords  combined  into 
strips,  each  strip  consisting  of  about  288 
strands  and  being  about  I  i  in.  wide  by  1/16  in. 
thick.  Every  strand  is  separately  coated  with 
rubber  compound,  which  binds  the  strands  in 
each  strip  firmly  together,  the  impregnation 
of  the  fabric  being  thus  very  complete.  The 
strips  are  wound  helically  about  the  tube  or 
lining  of  the  hose,  there  being  two  complete 
layers  in  each  direction. 

Hose  of  this  construction  shows  a  specially 
high  bursting  pressure,  and  the  distorting  ef- 
fect of  the  pressure  is  minimized.  The  elon- 
gation per  foot  per  i.ooo  lb.  pressure  will  av- 
erage about  J  8  in.,  with  an  expansion  of  i  16 
in.  in  the  diameter,  there  beinc  no  twisting 
or  contracting. 

.\t  the  present  time  the  manufacturers  of 
this  hose.  The  Goodyear  Tire  &  Rubber  Com- 
pany, Akron,  Ohio,  are  confining  their  produc- 
tion of  this  type  of  hose  to  the  standard  air 
brake  hose  in  lengths  of  22  in.,  but  later  they 
expect  to  adapt  the  process  to  the  manufac- 
ture of  hose  for  pneumatic  tools  and  other 
services. 
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FOR  METAL  DRILLING  INCLOSE  QUARTERS 

The  drill  here  shown  is  specially  adapted 
for  working  effectively  close  up  to  some  ob- 
struction and  in  places  inaccessible  to  the  us- 
ual types  of  rcjtative  paeuniatic  tools.  As  to 
this  point  it  is  sufficient  to  say  that  the  dis- 
tance from  the  outside  of  the  case  to  the  cen- 
ter of  the  drill  spindle  is  only  i  5/16  in. 

The  motor  is  of  a  novel  three  cylinder  de- 
sign operating  in  a  constant  l)ath  of  oil.  1  he 
valve  is  of  the  rotary  type  and  is  gear  driven 
from  the  pinion  of  a  three  way  crank  shaft. 
This  crank  shaft  is  operated  by  three  ratchet 
levers  which  directly  connect  the  pistons  to 
the  drill  spindle,  one  or  another  of  these  lev- 
ers being  always  in  the  driving  position,  so 
that  the  rotation  is  steady  and  constant.  The 
feed  when  drilling  is  by  means  of  a  hand  op- 
erated ratchet  as  shown.  The  drill  has  a 
No.  4  Morse  taper  socket  and  is  rated  for 
drilling  up  to  3  in.  diameter,  and  for  reaming 
and  tappin;.,'  up  to  2  in. 

This  is  a  recent  addition  to  the  "Little  Dav- 
id" line  of  pneumatic  tools  manufactured  by 
the  Ingersoll-Rand  Company,  11  Broadway. 
New  York. 


AUTOMOBILE  COSTS 

On  June  ist,  of  the  present  year,  the  num- 
ber of  automobiles  in  the  United  States  for 
the  first  time  reached  2,000,000.  Figuring  on 
an  average  of  four  persons  to  each  car,  which 
is  conservative,  there  are  8,000,000  people  in 
this  country  in  daily  enjoyment  of  motoring. 
To  run  2,000,000  cars  for  one  year  requires  at 
the  very  least  1,000,000,000  (one  billion)  gal- 
lons of  "gas,"  worth  $130,000,000;  20,000.000 
gallons  of  lubricating  oil,  worth  $8,000,000; 
12,000,000  tires,  worth  not  less  than  $16  a 
piece,    or   $192,000,000;    acccssorif^    ■M^^\    extra 


comforts,  goggles,  gloves  and  caps,  at  $50  i)er 
car  equals  $100,000,000;  garage  charges  on 
short  tours  (exclusive  of  gas  and  oil)  $100 
per  car  per  year,  $200,000,000;  repairs  made 
necessary  by  wear,  tear  and  accident  (exclu- 
sive of  tires)  $50  per  car  per  year  equals 
$100,000,000.  Total  running  expenses  for  all 
cars  in  use,  $730,000,000.  Add  thereto  the 
value  of  the  600,000  new  cars  purchased  dur- 
ing the  year,  at  an  average  price  of  $750  equals 
$450,000,000,  we  get  the  immense  total  of  $1,- 
180.000.000  spent  in  a  single  year  (1915)  on 
the  sport  of  motoring. 


COMPRESSED  AIR  CLEANS  CONCRETE 
ROAD    SURFACES 

On  certain  parts  of  the  California  high- 
way system  now  under  construction  it  has 
been  found  that  before  the  surfacing  oil  could 
be  applied,  sufficient  dust  had  formed  on  the 
concrete  base  to  interfere  with  the  proper 
bonding  of  the  oil.  After  some  experiment- 
ing a  compressed-air  apparatus  was  improvis- 
ed which  satisfactorily  removes  all  dust  and 
loose  particles  on  the  surface,  it  is  stated, 
without  requiring  any  extra  trips  over  the 
road. 

The  device  consists  of  a  small  air  com- 
pressor mounted  on  the  oil  truck  itself  and 
geared  to  its  main  driving  shaft.  From  the 
pump  compressed  air  is  conveyed  to  a  ij^-in. 
pipe  fixed  horizontally  about  2  ft.  above  the 
road  surface  and  2  ft.  ahead  of  the  oil  si)rcad- 
ers.  This  pipe  is  perforated  by  i/32-in.  holes 
spaced  i)4  in.  apart.  The  air  is  delivered  at 
a  pressure  of  about  30  lb.  per  square  inch 
and  is  said  to  drive  off  a  continual  cloud  of 
dust  even  when  working  over  a  surface  on 
which  ordinary  inspection  shows  no  appre- 
cial)U:   f|iiantity   of    dust   particles. 
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MAINiHNANCH    01     PMiUMAIIC     lOOLS    IN 
RAILROAD   SHOPS 

At.tlif  convi'iitioii  of  till'  Inlrrnatioual  Kail 
way  (jfiuTal    l-orcnun's  Association,   ChicaK". 
July  F^-H),  tlu-  following  was  contributed  con 
Cfrning  the  care  and  maintenance  of  pneuinat 
ic  tools   in  railroad  sIiojjs. 

J.  J.  Sheehan  (  \.  \'  W. )  -Wl.tii  tin-  deli 
catc  construction  of  tlie  workinj^  parts  of  the 
pui'UiiKitir  motor  and  hammer  and  the  narrow 
mar.Ljin  lietween  efticiency  and  inefficiency  aro 
considered,  it  will  he  found  that  there  are  no 
tools  in  the  shop  that  receive  harsher  treat- 
ment. 

TO     IIAVK    CLKAN     A  IK. 

I  acilities  must  l)e  provided  for  the  removal 
of  water  and  dirt  from  thy  air  before  it  en- 
ters the  pneumatic  machine.  The  removal  of 
water  can  he  accomplished  by  having  a  suita- 
ble sized  settling  tank  provided  with  a  drain 
valve,  close  to  the  point  of  operation.  Tlie 
most  effective  strainer  for  keeping  the  dirt 
out  of  the  tool  is  that  made  of  a  double  thick- 
ness of  muslin  placed  in  the  air  line  back  of 
the  tool.  The  pneumatic  tools  must  be  kept 
properly  lubricated.  On  the  Norfolk  &  Wes- 
tern a  satisfactory  and  cheap  lubricant  has 
been  found  in  mineral  lard  oil,  one  containing 
marked  emulsif.ving  properties.  Drills  and 
hammers  should  be  standardized  as  far  as 
possible,  both  in  styles  and  sizes,  as  it  makes 
the  maintenance  easier  and  a  smaller  number 
of   repair   parts   are   required. 

HOLDING    DRILLS     WHEN     REPAIRING. 

A  simple  arrangement  for  holding  air  drills 
while  they  are  being  repaired  consists  of  a 
plain  screw  jack  which  has  outlived  its  use- 
fulness as  a  jack.  The  handle  of  the  drill 
may  be  placed  in  the  hole  in  the  head  of  the 
jack  and  clamped  with  a  set  screw  inserted 
at  the  top  of  the  jack.  This  will  readily  per- 
mit of  holding  the  drill  firmly  in  any  one  po- 
sition desired.  It  is  important  to  know,  after 
a  drill  has  been  overhauled,  what  per  cent>of 
its  rated  energy  it  will  exert.  Fig.  i  shows  a 
method  of  making  a  rough  test  for  this  pur- 
pose. A  hydraulic  jack  is  placed  in  a  frame 
in  which  is  placed  the  pneumatic  drill.  A  hard- 
ened friction  ball  is  placed  in  the  drill  socket 
and  runs  in  the  corresponding  friction  bearing 
in  the  top  plate  of  the  frame.  The  pressure 
cylinder  of  the  jack  is  connected  to  the  gage 
at  the  top  of  the  frame.     .After  the  motor  is 


started  the  feed  screw  is  screwtu  (mw;;  ..n 
to  the  jack,  increasing  the  friction  of  the  hnU 
m  the  socket,  thus  giving  a  combinatii 
tor(iue  and  thrust,  exactly  what  occurs  in  fcco- 
ing  a  twist  drill.  The  area  of  the  contact  be- 
tween the  hall  and  the  roughing  surface  may 
be  regulated  to  give  the  friction  desired.  If 
the  record  of  a  drill  of  a  particular  class  when 
new  is  800  lbs.  on  the  gage,  this  will  be  con- 
sidered 100  per  cent,  efficiency.  AH  other 
tests  of  the  same  class  of  drill  are  compared 
with  the  original  record,  and  no  drill  is  al- 
lowed to  pass  below  75  per  cent.  A  drill  fail- 
ing to  meet  the  required  pressure  is  thorough- 

COKRF.CTING    FOR    WEAR. 

ly  examineil  for  wear.     In  many  instances  the 
piston   will  be   found  to  have  been  worn.     It 
is  expanded,  by  heating.  .002-in.,  then  a  turn 
ed  plug  of  the  required  diameter  is  insertetl 
and   the   piston   allowed   to  cool   on   the  plug 
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FIG.    2. 

The  plug  receives  the  heat  from  the  piston. 
and  after  it  is  sufficiently  cool,  it  can  be  easily 
removed,  leaving  the  piston  expanded  the 
proper  amount.  Cylinders  have  also  been  clos- 
ed on  certain  classes  of  drills  by  pressing 
through  a  block  bored  to  the  required  size. 
This  has  produced  satisfactory  results. 

In  the  pnuematic  hammers  it  is  found  that 
if  the  valve  casing  is  worn  .002-in.,  the  ham- 
mer will  be  unfit  for  service.  In  order  to 
locate  the  difficulty  in  this  respect  a  new  valve 
is  kept  at  hand  to  try  the  hammers.  The 
valves  are  purchased  .002-in.  over  size,  thus 
allowing  a  certain  amount  of  reaming  to  put 
them  in  working  condition.  It  has  also  been 
possible  to  take  worn  valve  casings  and  roll 
them  in  a  sheet  iron  roller,  closing  them  a 
sufficient  amount  to  put  them  in  serviceable 
condition.  The  joints  between  the  head  and 
the  cylinder,  and  between  the  head  and  the 
valve  casing,  should  receive  close  attention. 
When  they  become  uneven  and  leak  the  fac- 
ing tools  shown  in  Figs.  2  and  3  are  used  to 
correct  the  trouble.  The  feed  nut  for  the 
facing  tool  serves  as  a  guide. 

John  B.  McFarland  (N.  Y.  C.  &  St.  L.)  — 
The  air  motors  for  the  use  of  the  boilermak- 
ers  are  kept  in  the  boiler  .shop,  and  those  for 
the  machinists  are  kept  in  the  tool  room.  Once 
a  week  they  are  filled  with  lubricant  and  in- 
spected. The  hammers  are  cleaned  and  oiled 
once  a  day  when  in  use.  We  have  overcome 
trouble  with  broken  tangs  on  the  square  chuck 
sockets  by  cutting  off  the  left-hand  thread  on 
the  chuck,  replacing  it  with  a  right-hand 
thread,  and  screwing  on  a  nut.    The  other  end 


of  the  nut  is  made  to  fit  the  threaded  end  of 
the  motor,  the  nut  tightening  on  a  shoukWr  at 
the  same  time  that  the  taper  shanks  tigli*en  in 
the  motor  sockets.  With  the  chuck  fitted  in 
this  way  it  is  possi1)le  to  drive  a  square  sock- 
et tool  to  the  capacity  of  the  motor. 

In  the  small  hammers  a  bushing  with  a  ta- 
per hole  is  used,  and  a  taper  shank  is  made 
on  all  tools.  The  bushings  are  reamed  out 
with  a  No.  2  Morse  taper  reamer,  which 
leaves  a  hole  about  ^^  in.  on  the  large  end  and 
allows  the  use  of  ^)4  in.  octagon  chisel  steel 
for  tools.  This  has  stopped  the  breakage  of 
shanks  on  such  tools.  A  bushing  will  last 
from  six  months  to  a  year  before  it  becomes 
too  large  to  impair  the  stroke  of  the  hammer. 
This  has  been  tried  on  large  hammers  with 
good  results.  * 

rROPl-IK    .SELECTIOX    OF    IWEUMATIC   TOOLS. 

E.  G.  Nabell  (Southern  Ry.) — In  selecting 
pneumatic  tools,  the  economical  operation  and 
the  cost  of  maintenance  should  receive  the 
first  consideration,  not  the  first  cost.  As  a 
means  of  producing  better  maintenance  and 
higher  efficiency  from  pneumatic  tools  the 
operators  should  be  educated  to  use  the  tool 
that  is  best  adapted  for  the  work  at  hand, 
and  to  take  proi)er  care  of  the  tools,  particu- 


FIG.    3. 
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larly  unit  ritfrinci-  in  <lr(i|)pinK  them  nr 
strikiiiK  iIkiii  with  a  liainmrr.  or  allowing  grit 
or  any  fort-JKn  sulisiaiicc  to  Ri't  '"to  the  thrni 
ill-  of  llic  niacliiju-  when  it  is  not.  conncctcl 
to  a  hose.  Ml  pm  umatic  tools  should  be  in 
spccttMJ  and  ti>tt.(l  at  rej^jnlar  intervals,  cleaned 
and  thoronjsddy  lubricated  with  a  good  gradr 
of  lubricant,  iiy  keei)ing  a  close  record  of  the 
rei)airs  to  the  tools  it  will  Ijc  possible  to  de 
tcrniine  just  what  and  how  many  repair  parts 
should  be  carried  in  stock.  When  the  tools 
are  sent  to  the  tool  room  for  repairs  they 
should  be  taken  apart  and  thoroughly  cleaned. 
An  air  hammer,  when  not  in  service,  should 
be  kept  submerged  in  a  good  quality  of  light 
clean  oil  to  insure  the  thorough  lubrication  of 
all  parts  and  prevent  rusting.  Where  possi- 
ble, it  is  desirable  to  confine  the  repair  work 
on  pneumatic  tools  to  one  mechanic  who  has 
become  thoroughly  familiar  with  the  tools. 

August  Meitz  (M.,  K.  &  T.)— It  is  a  good 
policy  to  adopt  a  standard  for  pneumatic  tools 
on  any  one  railroad  system.  This  would  re- 
duce the  cost  of  repairs  and  maintenance 
about  50  per  cent,  as  well  as  reduce  the  e.\' 
pense  for  repair  parts  to  be  carried  in  stock. 
The  operators  should  be  educated  in  the  mat- 
ter of  the  proper  use  of  pneumatic  tools;  that 
is,  they  should  use  high-speed  motors  when 
they  are  required,  and  slow-speed  motors 
when  they  are  required.  Much  damage  is  done 
to  the  motor,  as  well  as  to  the  tool,  when  this 
is  disregarded.  Good  engine  oil  should  be 
used  to  keep  the  motors  lubricated,  and  it  will 
also  be  found  to  pay  to  use  some  light  grease, 
such  as  Keystone  or  vaseline,  in  the  crank 
case.  The  motors  should  be  kept  in  good  re- 
pair and  inspected  regularly.  It  has  been 
found  to  be  good  practice  to  place  the  ham- 
mer, after  it  has  been  in  service,  in  a  solu- 
tion of  gasolene  and  signal  oil,  mixed  half 
and  half,  as  small  particles  of  rubber  from 
the  hose  lining  frequently  lodge  in  the  cham- 
ber between  the  handle  and  the  throttle  valve. 
The  gasolene  will  cut  the  rubber,  and  by  blow- 
ing the  hammer  out  with  compressed  air  the 
refuge  and  foreign  substances  will  be  re- 
moved. 


In  the  list  of  patents  for  the  week  of  July 
2j  there  is  a  series  of  six  for  apparatus  for 
the  pneumatic  conveying  and  handling  of  am- 
munition. The  claitns  of  the  six  patents  num- 
ber 231. 


A  PORTABLE  PMIUMATIC  BLLUDOZER 

1  he  half-tone  here  reproduced  from  Rail- 
Ttrt.v  .Ijc  Gazette  shows  a  home-made  pneu- 
matic tool  such  as  may  be  expected  to  be 
found  in  railroad  shops  where  there  is  always 
a  ready  supply  of  compressed  air.  This  is  a 
portable  pneumatic  bulldozer  made  in  the 
Rock  Island  Railroad  shops.  Silvis.  111.  It  is 
a  very  serviceable  tool,  normally  for  black- 
smith work,  which  can  be  run  around  any- 
where and  connected  with  the  air  line  as  most 
convenient.  * 

The  air  cylinder  is  at  the  left,  the  pi.ston  rod 
attaching  to  the  long  arm  of  a  bell  crank 
which  operates  the  ram  or  plunger.  Various 
bending  forms  may  be  used  and  punches  of 
any  size  or  shape.  The  body  of  the  machine 
is  a  piece  of  heavy  I  beam  which  is  mounted 
on  small  cast  iron  wheels.  The  lower  part  of 
the  beam  is  notched  out  near  the  front  to  al- 
low short  cramping  of  the  front  wheels  for 
turning  in  close  quarters. 


Jg^QHH    L    Mm 


A  PORTABLE  PNEUMATIC  GRINDER 

The  half-tone  shows  a  handy  portable  tool 
especially  adapted  for  trimming  the  surfaces 
of  heavy  castings  and  similar  work  in  foun- 
dry and   machine   shop,   a   recent   new   output 
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of  the  ln«ersoll-Rand  Company,  ii  Broadway. 
New  York.  This  is  an  air  operated  tool  using 
the  usual  shop  air  pressure,  carrying  an  em- 
ery wheel  up  to  8  in.  diameter  at  speeds  up 
to  3,400  r.p.m.  The  motor  is  a  three  cylinder 
engine  with  connecting  rods  attaching  by  hall 
bearings  to  a  single  crank  on  the  central  spin- 
dle. This  spindle  has  a  ball  bearing  on  each 
side  of  the  crank  and  another  close  to  the 
grinding  wheel.  This  is  all  enclosed  in  a  dust 
proof  aluminum  case  with  a  constant  bath  of 
oil  for  the  motor.  The  valve  is  of  the  rotat- 
ing type,  forming  a  detail  of  the  crank-shaft 
and  working  in  a  ren.wabV"  bronze  bushing. 
No  gears  or  pinions  are  used  in  the  construc- 
tion. The  entire  operating  mechanism  is  read- 
ily accessible,  the  loosening  of  six  cap  screws 
removing  the  handle  end  and  exposing  the  en- 
tire interior.  The  cylinders  are  renewable 
independently  of  the  casing  and  are  inter- 
changeable, as  are  also  the  pistons  and  rods. 
The  lugs  outside  the  cylinders  will  be  notic<:d  . 
these  being  provided  to  take  the  knocks  if  the 
tool  is  carelesslv  thrown  around. 


ing  the  ore,  tramming  it  to  the  chute,  timber- 
ing the  drift,  laying  track  and  necessary  sup- 
plies for  the  same  except  the  cost  of  rails. — 
Engineering  and  Mining  Journal. 


JACKHAMER   DRIFTING  COSTS 

At  the  Colby  iron  mine,  Bessemer.  Mich  , 
drifting  is  done  by  use  of  Jackbamcr  auger 
machines,  using  two  men  for  one  machine. 
These  two  men  do  only  the  drilling  and  arc 
followed  by  a  blasting  gang  and  a  tramming 
gang  for  each  drift  of  the  six  different  head- 
ings -where  this  system  is  used.  The  size  of 
the  drift  outside  of  timber  is  8x9  ft.  During 
the  period  in  question  2517  ft.  of  drifting  was 
accomplished  in  112  shifts,  which  is  equiva- 
lent to  I  J. 3  ft.  per  man  per  shift,  'ihe  costs 
per  fcjot  are  as  follows: 

L.\UOU. 

Miners     $0,412 

Trammers     990 

Timbermen     yx) 

Trackmen     1 2  r 

Blaster^  116 

$\.()'0 

Sl/PI'LIES. 

Laggin-  .'^0.004 

Timber    jio 

Explosives     ,^ j?  ^o 

Light,    steel,   shop   labor,   etc 060 


Total  .  $2,693 

The  foregomg  ligures  includ<-  cost  of  break- 


YOU  CAN'TTELL  ME  NUTHIN 

BV   B1£KT0X    BKALliV, 

"You    can't   tell    me   nuthin',"    the   pitboss,   he 
says  ; 
"You  can't  tell  me   nuthin'   a-tall, 
I  don't  need  advice  from  no  hunkies  like  you — 

An    if  I  do  need  it,  I'll  call; 
I  guess  I  kin  tend  to  my  business  o.  k. 
Without   no    attention    to    nuthin'    you    say. 

\ 
"You   can't   tell   me   nuthin',"   the   pitboss,   he 
says  ; 
*T   reckon    I'm   on  to  my  job, 
.\n"    I'll   thank   you   to   keep   your   suggestions 
to  home, 
You  miser'ble  ignorant  slob ; 
I   haven't  no  time  fer  to  hear  your  idees ; 
I  guess  Fm  the  boss  an'  I'll  do  what  I  please." 

Yes,  that  was  the  way  that  the  pitboss  come 
back 
When  I  made  a  suggestion,  polite. 
But  the  Super  he  heard  what  the  pitboss  had 
said 
An'    he    wasn't   contented — not   quite. 
"Hold   on   there,"   he   says,   when   the -pitboss 

got    through, 
"1  guess  I'll  horn  in  with  a  brief  word  or  two." 

"They  can't  tell  3'ou   nuthin',"   the   Super  re- 
peats, 
"Then  Lord  help  you,  brother,"  says  he, 
"For   the   guy   who   imagines   he's   knowin'   it 
all 
Aint  quite  the  right  pitboss  fer  me. 
If    YOU   can't   learn   nuthin'    from   no   other 

man, 
I'll  go  get  a  feller  for  pitboss  who  can. 

•\\'c  haven't  no   use   fer  the   feller,"  he  says, 

"That  thinks   he   has   knowledge  to   burn, 
Who  scorns  all  suggestions  that  comes   from 
his    men 
,\n'  won't  never  listen  an'  learn. 
They  can't  tell  yon  nuthin'— them  words 

makes  me  tired, 
.\n'    I  11    tell    you    something    right    now — you 
are   fired!" 

Coal  Age. 
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PNLUMATIC  ACTIVITIES  IN  NI:W  YORK 

It  seems  to  l)c  worth  while  to  note  one  ot 
two  local  indications  of  the  part  w'  '  -n- 
pre.sscd  air  is  playing  in  the  constru  \\- 

gineeriiiK  o|»erations  at  present  in  proKrcss  in 
New  York  City.  The  larger  operations,  the 
ririving  of  the  tunnels  under  the  ICast  River, 
with  compressed  air  pcrforminK  the  three- 
foM  function  of  resisting  the  water  pressure, 
of  pumping  <^)ut  the  imavoidahle  inflow  and 
of  operating  the  rock  cutting  apparatus,  is 
a  familiar  story  which  requires  no  retelling. 

On  the  land  in  connection  with  the 
same  work  there  is  constant  employment  of 
compressed  air  in  various  ways.  One  of  the 
new  subway  lines  under  construction  in  lower 
Manhattan  runs  for  a  considerable  distance 
up  Greenwich  Street  and  immediately  under 
tiie  tracks  of  the  elevated  railroad  which  fol- 
low the  same  street  for  the  entire  length  of 
it.  At  the  lower  end  of  the  street  the  subway 
excavation  is  in  solid  rock,  which  gives  steady 
employment  to  a  lot  of  Jackhamer  drills  which 
seem  to  have  entirely  superseded  the  old 
heavy  reciprocating  types.  Farther  up  there 
is  more  earth  than  rock  excavation,  hut  what- 
ever the  nature  of  the  ground  all  operations 
are  carried  on  without  any  interruption  of 
the  traffic  overhead.  This  means  not  only  that 
the  tracks  above  have  to  be  temporarily  sup- 
ported but  also  that  all  the  pillars  have  to 
be  extended  downward  or  to  be  rebuilt  up- 
ward from  the  level  of  the  subway  floor. 

This  rebuilding  of  the  structural  supports 
has  required  the  removal  of  much  of  the  orig- 
inal steel  work,  to  be  replaced  by  other 
columns,  girders,  etc..  differently  arranged, 
and  in  this  destructive  work  compressed  air 
has  been  called  to  render  its  efticient  aid  in 
atuithcr  way.  Oxygen,  as  we  all  know,  comes 
to  us  now  commercially  through  the  air  liqui- 
fj'ing  process,  and  the  oxyhyphen  (in  this  case 
Blaugas)  torch  has  been  doing  its  wonderful 
work  of  steel  cutting  here  quite  extensively. 
so  that  it  has  made  a  brilliant  daily  display 
of  itself  where  in  use. 

While  all  this  subway  construction  work  has 
been  proceeding  rapidly  without  interrupting 
the  elevated  travel  it  has  happened,  to  com- 
plicate matters,  that  a  great  and  important 
work  of  rearrangement  and  reconstruction  of 
its  track  for  express  service  has  been  carried 
on  by  the  elevated  railroad  compan\*  This 
has  required  much  construction  entirely  new. 
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the  details  of  which  we  need  not  go  into  here. 
and  in  this  work  i)neumatic  tools,  drills  and 
riveters  especially,  have  worked  with  their 
usnal  efficiency.  It  is  not  easy  to  see  how  all 
these  things  could  possibly  have  been  done 
without  the  aid  of  compressed  air  and  also 
of  highly  compressed  management. 


SOME  NEW    BOOKS 

Attention  is  called  to  the  following  new  and 
entirely  up-to-date  books  wdiich  should  be  of 
interest  and  value  to  our  readers,  published  by 
John  Wiley  &  Sons.  Inc..  New  York. 

Gas  Power,  by  C.  F.  Hirschfeld,  M.  M.  K., 
and  T.  C.  Ulbricht.  M.  M.  E.  219  Pages  7H 
by  3 ''4   in.,  60  illustrations,   Price  $1.^5  net. 

This  book  gives  a  good  insight  into  the 
theory  of  the  heat  engine  problem,  the  use  of 
fuels  as  gas  producers,  the  development  of 
gas  power,  details  of  gas  generators  and  mod- 
ern types  of  gas  and  gasoline  engines.  Every 
automobile  owner  or  driver  should  be  well 
versed  in  the  working  of  his  engine  and  a 
little  study  of  this  book  should  be  of  great 
assistance. 

Meclianism  of  the  Steam  Engines  by  Walter 
H.  James  and  Myron  W.  Dole,  180  pages.  9 
by  6  in.,  183  illustrations,  Price  $2.00  net. 

Electricity  and  compressed  air  have  not  in 
the  least  belittled  the  steam  engine  as  the  su- 
preme prime  mover,  and  a  knowledge  of  both 
theory  and  practice  as  applied  to  steam  was 
never  more  essential  to  the  man  who  aims  at 
success  in  power  application.  This  book  treats 
of  all  types  of  engines  from  the  simplest 
horizontal  to  the  latest  turbine.  It  treats  of 
the  use  of  the  indicator,  discusses  valves  and 
valve  setting,  governing  and  controlling  de- 
vices. It  is  essentially  practical  rather  than 
theoretical  in  its  makeup. 

Power  and  Power  Transmission,  by  E.  W. 
Kerr,  M.  E..  -103  pages,  9  by  C  in.,  325  illustra- 
tions.  Price  $2.00  net. 

This  book  covers  a  broad  field,  and  the 
fact  that  it  has  already  gone  to  its  third  edi- 
tion is  a  practical  endorsement  of  its  value. 
It  treats  of  the  elementary  details  of  all  ma- 
chinery :  shafting,  bearings,  friction  and  lu- 
brication, pulleys  and  belts,  tootlicd  gearing, 
screws,  cams,  links,  etc.  Then  it  ;;ives  a  very 
c<^)mplete  treatise  on  the  steam  engine  in  all 
its  varieties  and  applications,  also  its  various 
api)urtenances  and  accompaniments.  A  third 
section  is  devoted  to  pumps,  gas  engines,  water 


power,  air  compressors,  air  motors,  etc.  The 
various  chapters  are  supplemented  b}'  ex- 
amples  to   be   worked   out. 

Mechanical  Refrigeration,  by  11.  J.  Macin- 
tire,  M.  M.  E.,  356  pages,  9  by  6  in.,  121  illus- 
trations,  51   tables.   Price  $4.00. 

This  is  a  wV)rk  representing  an  unusual 
amount  of  labor  in  its  preparation.  Many 
of  the  illustrations  in  the  list  are  large,  in- 
serted, folded  diagrams  embodying  curves  of 
various  data.  The  types  of  refrigerating  ma- 
chines are  described,  their  construction  is  dis- 
cussed and  the  auxiliaries  treated  of.  The 
theories  of  mechanical  refrigeration  are  stated 
and  the  choice  and  properties  of  refrigerating 
media.  Then  comes  the  testing  of  the  refrig- 
erating machine  with  several  interesting  chap- 
ters on  ice  making,  cold  storage,  cooling  of 
air,  cooling  of  liquids  and  solids  and  other 
applications  of  refrigeration.  'J  he  appendix 
gives  a  collection  of  pertinent  examples,  tables 
and   data. 


A  CAT  CATASTROPHE 

A  peculiar  and  somewliat  mysterious  acci- 
dent occurred  recently  in  the  l)uilding  of  the 
Society  for  the  Prevention  of  Cruelty  to  An- 
imals. New  York  Cit}'.  A  rectangular  steel 
tank.  5  ft.  high,  5  ft.  wide  and  10  ft.  long, 
used  for  asphyxiating  cats  and  dogs  exploded 
while  in  use,  blowing  out  some  of  the  win- 
dows of  the  building,  but  doing  little  other 
damage. 

The  cats  to  l)e  killed  are  placed  in  the  tank 
and  illuminating  gas  from  the  city  mains  is 
then  discharged  into  it,  expelling  some  of  the 
air.  In  this  operation  there  is  more  or  less 
mingling  of  the  gas  and  air,  and  an  explosive 
mixture  is  thus  formed.  In  this  case  the  mix- 
ture was  ignited,  causing  the  explosion  ;  but 
the  question  is  as  to  what  fired  it.  In  the 
reports  in  the  daily  papers  it  was  suggested 
that  the  sharj)  claws  of  the  cats  clawing  the 
sides  of  the  tank  must  have  struck  a  spark 
which  ignited  the  charge,  but  this  is  not  eas- 
ily credible.  Cats'  claws  are  not  si)arkers, 
but  a  cat's  fur  w-hen  properly  agitated  is  one 
of  the  best  known  sources  of  electric  sparks. 
It  is  easy  to  believe  that  when  the  gas  was 
first  admitlt'd  the  cats,  smelling  the  gas  and 
snsi)ecting  that  something  was  going  on.  be- 
gan to  jump  around,  or  i)erhaps  to  figiit,  and 
rubbing  against  each  other  could  easily  have 
furnished  an  igniting  spark. 
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THr  AMMONIA    lUNCTION  IN    RILI  RKiflRA- 
TION* 

IIY     Ar.HKKT    JOHNSON. 

I. it  US  SCO  how  anhydrous  anuuonia  he 
-coini-s  a  conveyor  of  heat.  Wlirn  oiu-  pouiul 
of  anliydrous  aintnonia  has  passed  tlirough 
the  regulatiuj^  valve  into  the  low-pressure 
pipes  it  remains  a  liquid  until  it  can  grah 
hold  of  from  5<x)  to  OooU.t.u.  of  heat.  Then 
the  pound  of  li(|uid  changes  into  a  pound  of 
gas.  lint  it  refusc>  to  change  from  lifiuid  to 
gas  until  that  mucli  luat  leaves  the  room  and 
enters  the  liquid  anuuonia  on  the  inside  of 
the  coils,  thereby  turning  it   into  gas. 

The  changing  of  the  liquid  into  gas  is  what 
absorbs  the  heat.  Therefore,  it  is  always 
necessary  to  have  plenty  of  liquid  ammonia 
within    tile    low-pressure    pipes. 

Do  not.  under  any  circumstances,  allow  gas 
to  pass  through  the  regulating  valve,  for  then 
you  only  add  heat  to  your  rooms  instead  of 
subtracting  it.  Remember,  the  gas  is  the 
loaded  vehicle,  while  tlie  licpiid  is  the  unload- 
ed vehicle,  being  empty.  The  liquid  has  plenty 
of  room  for  heat  units,  but  the  gas  has  little 
room  for  heat  units,  since  it  is  already  load- 
ed with  them.  It  cannot  carry  any  more. 
So  it  is  well  to  watch  and  see  that  only  liquid 
passes  the  regulating  valve  into  the  low-pres- 
;sure  pipes. 

Bear  in  mind  that  it  requires  heat  to  vapor- 
ize ammonia — the  more  heat,  the  quicker  the 
evaporation;  whereas,  the  less  the  heat,  the 
slower  the  evaporation,  which  explains  why 
"sharp  freezers"  are  so  apt  to  fill  up  with 
liquid  in  abundance,  while  the  rest  of  the 
system  may  be  suffering  from  the  lack  of 
liquid. 

After  the  liquid  has  been  changed  into  va- 
por  by  the   heat,    it   has   practically   spent   its 
energy  as  a  refrigerant,   for  the  gas  has  ob- 
tained  its   full   load  of   heat  and   is   ready  to 
•  carry   it   away. 

So  far  the  ammonia,  or  vehicle,  has  been 
"running  down  hill.''  requiring  no  power.  At 
the  bottom  of  the  hill  is  the  loading  platform 
where  the  heat  is  taken  aboard.  After  this 
it's  an  uphill  pull,  and  a  good  strong  horse 
is  required  to  pull  it  up  to  the  unloading  plat- 
form. The  horse  may  be  called  a  "refrigera- 
ting machine." 


*Read  before  the   American   Meat   Packers" 
Association. 


The    machine    t^vis    \tcUiiiil    the    it-  m 

gases  in  the  fro.stcd  Iow-prcs!»ure  p;,  -  d 
pushes  them  up  to  the  top  of  the  hill  to  the 

unloading  platform,  f>r  ammonia  condenser, 
where  the  loader!  gas  is  changed  back  into  a 
liquid.  Just  at  the  moment  when  the  gas  lic- 
comes  a  lif|uid  it   releases  or  dumps  out  the 

heat  that  it  formerly  picked  up  in  the  r*>oms, 
and  the  water  in  the  condenser  then  absorbs 
the  released  heat  units  and  carries  them  away. 

Thus  we  see  how  necessary  is  the  refrigerat- 
ing machine  to  push  the  loaded  vehicle,  am- 
monia, along  the  uphill  grade  of  high  pres- 
sure direct  to  the  top,  or  unloading  place,  at 
the  condenser.  Hut  that  is  all  it  has  to  do,  for 
the  real  work  of  freezing  is  performed  by  the 
ammonia,  not  by  the  machine.  The  initial  as 
well  as  the  final  operation  is  done  by  the  vehi- 
cle called  ammonia,  which  must  not  be  for- 
gotten. 

Thus  you  can  readily  see  how  anhydrous 
ammonia  actually  becomes  a  so-called  vehicle 
for  removing  heat  units  from  insulated  rooms 
and  carrying  them,  with  the  aid  of  the  refrig- 
erating machine,  upstairs  or  downstairs, 
around  corners  and  angles  to  condensers, 
there  to  unload  its  heat.  Then  it  goes  back 
to  repeat  the  operation. 

A  regulating  valve  controls  the  flow  of  li- 
quid ammonia  into  the  low-pressure  pipes. 
That  is  all  it  is  there  to  do.  It  cannot  do  any 
freezing,  since  only  the  ammonia  does  that  I 
mention  this  because,  way  back  in  the  early 
days  of  this  industry,  somebody  misnamed 
that  valve — the  expansion  valve — without 
thinking  of  the  consequences. 

Ever  since  then  many  operators  got  the  er- 
roneous idea  that  this  valve  actually  did  the 
heavy  work  of  freezing,  and  they  would  fon- 
dle it  and  handle  it,  fuss  over  it  and  play 
with  it,  sometimes  resetting  it  twenty  times  a 
day,  then  listening  to  hear  the  gas  gurgle  or 
spit  through  it.  The  misnaming  of  this  valve 
has  cost  the  owners  of  plants  hundreds  of 
thousands  of  dollars  in  time  lost  fooling  with 
it  and  in  lack  of  efficiency  caused  by  relying 
on  this  valve  during  critical  moments  of 
climbing  temperatures,  when  the  receiver 
should  be  watched  instead.  It  is  best  to  call 
it  a  regulating  valve,  to  save  confusion  of 
ideas,    much   money   and    false   impressions. 

W'lien  I  speak  of  heat-laden  gases  in  suction 
pipes  it  may  surprise  you.  Try  to  put  your 
hand  on  a   frost-covered  suction  line  and  im- 
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agine  it  contains  real  heat.  It  actually  does, 
and  lots  of  it.  only  it  is  called  latent  heat,  or 
insensible  heat.  A  thermometer  cannot  regis- 
ter it,  nor  can  you  feel  it  by  touch.  But  it  is 
there  just  the  same.  Apparently,  the  pipe  is 
very  cold,  for  it  is  usually  covered  with  frost, 
yet  the  cold  gas  inside  of  that  pipe  will  do- 
liver  heat  enough  to  warm  up  enormous  quant- 
ities of  condensing  water  from  lo  deg.  to  30 
deg.  Fahr.  per  pound. 

We  learn  how  the  vehicle  ammonia  is  relied 
upon  to  take  the  initiative  in  the  work  of  re- 
moving heat.  It  is  essential  to  work  with 
not  only  dry,  but  pure  ammonia.  Note  the 
difference  between  dryness  and  purity,  for 
volatile  hydro-carbons  may  exist  in  the  liquid 
itself,  which  cause  abnormally  high  pressures. 
Such  foul  gases  refuse  to  liquefy  and  they  fill 
up  the  condensers. 

These  bad  gases  must  be  blown  awa}-.  Hy- 
dro-carbon gases  are  both  colorless  and  odor- 
less, which  makes  them  hard  to  find.  They 
are  hidden,  and  like  latent  heat  we  know  them 
by  the  effect  they  produce  when  they  refuse 
to  liquefy,  causing  excessive  fuel  bills  or  pow- 
er bills  and  great  ammonia  consumption. 

Tt  has  been  estimated  that  in  order  to  purge 
15  pounds  of  uncondensable  or  hydrocarbon 
gas  from  the  system  you  lose  85  pounds  of 
pure  gas,  because  the  two  are  closely  asso- 
ciated or  intermingled,  so  that  when  the 
purge  valve  is  opened  the  good  as  well  as  the 
bad  gases  are  liberated  unavoidably  together. 

GOOD    AMMONIA    REQUIRES    NO    PURGING. 

Good  ammonia  requires  no  purging,  for 
good  ammonia  is  free  from  volatile  hydro- 
carbons. The  evaporation  test  does  not  dis- 
close the  presence  of  volatile  carbon  com- 
pounds, for  they  evaporate  together  with  the 
ammonia.  The  working  test  seems  to  be  the 
most  reliable.  The  test  for  air  in  shipping 
cylinders  means  little  as  to  quality  and  has  the 
disadvantage  of  being  deceptive. 

Ammonia  is  like  fullers'  earth,  because  both 
require  a  working  test  to  prove  their  effec- 
tiveness. In  both  cases  results  count  more 
than  analysis.  A  chemical  report  on  fullers' 
earth  is  about  as  valuable  as  a  chemical  report 
on  anhydrous  ammonia.  However,  in  mak- 
ing an  exhaustive  examination  of  ammonia  a 
thorough  chemist  will  demand  to  see  the  raw 
material  as  well  as  the  finished  product.  In 
testing  cement,  for  instance,  a  thorough  chem- 
ist will  also  examine  the  clinker  or  raw  ma- 


terial as  well,  in  order  to  obtain  data  for  prop- 
er valuation.  The  clinker  may  be  overburnt 
or  underburnt,  and  the  chemist  is  right  in 
demanding  a  sample  of  the  raw  material. 

The  purchase  of  anhydrous  ammonia  should 
be  like  the  hiring  of  a  man.  You  expect  a 
man  to  perform  some  service  and  keep  on  do- 
ing so.  In  purchasing  ammonia  you  must  ex- 
pect it  to  serve  you  by  picking  up  or  absorb- 
ing all  the  heat  units  possible  and  unloading 
them  in  large  quantities  day  by  day,  without 
getting  tired  or  worn  out  on  the  slightest  oc- 
casion. Remember,  you  do  not  buy  ammonia 
like  other  merchandise,  to  be  sold  to  others 
from  the  shelf.  Instead  of  that,  you  invest 
your  money  in  an  article  that  must  work  for 
you  day  and  night,  and  produce  results  in 
heat-carrying  capacity.  For,  to  produce  one 
ton  of  refrigerating  duty  the  vehicle,  ammon- 
ia, must  fetch  and  carry  away  288,000  B.t.u.  of 
heat  from  insulated  rooms  in  the  shortest  time 
possible,  and  that  is  why  the  question  of  am- 
monia as  a  heat  vehicle  is  so  serious  as  to  af- 
fect the  profits  in  a  refrigerating  plant. 


A  VISIT  TO  AN  ALASKA  GOLD  MINE 

The  following  account  of  a  formal  visit  to 
a  mine  in  full  operation  in  Alaska,  taken  from 
the  Alaska  Daily  Empire,  published  at  Ju- 
neau, is  unusually  realistc  and  should  be  read 
with   interest. 

The  party  of  legislators,  mining  engineers 
and  representatives  of  the  press  which  took 
advantage  of  Supt.  P.  R.  Bradley's  invitation 
to  inspect  the  workings  of  the  Alaska-Juncau 
mine  and  mill  yesterday,  returned  to  town 
with  high  grade  specimens  of  ore,  a  fund  of 
information  and  words  of  praise  for  Mr. 
Bradley,  whose  patient  courtesy  had  made 
the   trip   possible. 

The  party  left  the  Alaskan  in  autos  at  to 
o'clock  sharp,  were  supplied  with  slickers  and 
other  apparel  for  their  comfort  and  hoisted 
to  the  motor  railway.  There  they  boarded 
cars  and  were  sped  along  the  scenic  heights, 
through  the  6500  foot  tunnel  and  out  into  the 
open  stretches  interspersed  with  lesser  tunnels, 
until  they  entered  the  electric  lighted  mining 
tunnel  proper. 

A  mile  or  so  of  this  brought  them  to  the 
hoist  which  lifted  them  up  the  55  per  cent, 
shaft  to  the  surface  where  they  looked  out 
across  Gold  creek  basin  at  the  buildings  of 
the  Ebner  property,  the  Perseverance  toward 
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the  Iliad  of  the  stream  rcscmblinK  a  fort  on 
the  heijs'hts,  the  Kh'^^r  at  one  side,  and  last 
ly  at  th(  iTuinhliiiK  ruins  (»t  the  old  stamp  tnill 
where  the  Alaska-Juiuau  mine  had  first  been 
picked  at  a  scene,  as  Senator  Millard  after- 
wards said,  which  caused  hnn  to  see  in  fancy 
the  first  prospector  toiling  up  the  rough  creek 
bed  with  a  pack  on  his  back,  and  in  his  liaiul 
carrying  a  pick  for  a  stafT. 

Level  No.  j  was  next  visited,  this  being  a 
wide  irregular  chamber,  apparently  covering 
a  couple  of  acres  of  floor  space,  out  of  which 
the  ore  had  been  taken  and  where  a  hive  of 
men  were  sorting  and  wheeling  pay  rock  to 
the  chutes,  their  lights  flickering  like  June 
Bugs  in  the  darkness  while  the  deafening 
thud  of  drills  eating  their  way  into  the  face 
and  roof  of  the  chami)er  gave  a  Gulliver  ef- 
fect to  the  place. 

But  the  vault  on  level  No.  4  was  by  far  the 
most  impressive  sight  of  the  day.  Here  in 
one  place  the  ore  had  been  removed  to  a  iieight 
of  60  feet  from  the  chute  to  the  ceiling  and 
for  the  matter  of  150  feet  in  diameter,  and 
as  one  looks  down  into  the  hollow  and  across 
at  the  bobbing  lights  of  the  miners  on  the 
farther  side,  it  has  the  appearance  of  a  vast 
underground  theatre,  dimly  lighted  and  weird. 
Senator  Hubbard  suggested  it  would  be  a 
good  place  for  the  next  Legislature  to  meet. 

After  inspecting  the  engine  room  at  the 
mouth  of  the  mine  tunnel  where  the  new 
750  h.  p.  Ingersoll-Rand  engine,  "running  as 
smooth  as  a  watch''  and  fed  from  the  power 
12  miles  away,  furnishes  the  compressed  air 
and  retransmission  for  the  hoists.-  etc.,  the 
party  descended  to  the  mess  house  and  par- 
took of  a  niceh^  prepared  dinner. 

[It  will  be  remembered  that  in  our  April  is- 
sue, page  7575.  we  showed  the  big  air  cylinder 
of  the  compressor  above  referred  to,  mounted 
on  a  truck  and  drawn  by  ten  heavy  horses. — 
Editor  C.  A.  M.j 

Senator  Aldrich  directed  his  remarks  to  a 
comparison  of  the  home-like  atmosphere  of 
the  Alaska- Juneau  mess  house  with  that  of 
one  at  a  mining  camp  at  Berner's  Bay  in  the 
early  days,  saying  that  he  noticed  that  the 
waiters  were  able  to  serve  the  table  here  with 
slippers  on  their  feet,  while  at  the  camp  he 
had  reference  to,  the  men  sat  at  the  table  with 
their  slickers  on,  the  water  dripping  from  the 
ceiling  into  the  soup  and  beans  which  the 
waiters  in  gum  boots  served  to  them.     Repre- 


sentative Moran  tnlivcnrd  the  after-dinner 
snuike  \}y  reciting  "The  Kohuk  Maiden,"  a 
poem  with  an  Arctic  tang  t-nfling,  'And  the 
waters   of   the    Kobuk   rippled  orlward   to  the 

sea." 

Prof  Cory  gave  a  very  interesting  discourse 
on  the  present  application  of  machinery  to 
mining  in  particular  and  the  work  of  the  world 
in    general,    stating    that    its   devc!   -  *    had 

now  reached  such  a  stage  that  '  '  .  ;  ation 
is  the  whole  story  with  the  water  falls  of  na- 
ture doing  the  work — one  continuous  horse 
power  being  equal  to  that  of  90  men." 

Returning  to  the  mill,  the  party,  guided  by 
Mr.  F^radley,  Supt.  Richards  and  Foreman 
White,  were  shown  the  minute  workings  of  its 
fifty  stamps,  which  work  up  600  tons  per  day 
and  watched  the  black  sand  which  carries  the 
gold  dripping  off  of  the  broad  shakers. 

Descending  the  path  to  the  office,  the  sight- 
seers visited  awhile  there,  and  were  then  car- 
ried to  the  ferry  landing  on  the  company  gas 
boat. 


A  NEW  COUPLING  FOR  AIR  HOSE 

The  half-tone,  made  partly  in  section,  shows 
the  essential  features  of  a  coupling  for  rubber 
hose  put  out  by  the  National  Hose  Coupling 
Company,  Peoples  Gas  Building.  Chicago. 
Scarcely  a  word  of  explanation  is  required. 
The  end  of  the  hose  is  slipped  over  the  con- 
ical end  of  the  nozzle  as  shown  and  then  the 
sleeve  or  socket  is  drawn  over  it  by  the  screw 
movement,  causing  the  hos^  to  hug  the  cone 
and  make  a  joint  tight  and  secure.  The  only 
tool  required  is  a  wrench. 


THE  HABITS  OF  THE  WINDS 

Thirty-five  years  ago,  while  making  a  four 
months  voyage.  I  was  frequently  impressed 
l)y  the  unerring  accuracy  with  which  Captain 
Crosby,  one  of  the  best  known  captains  sail- 
ing from  New  York,  forecast  the  state  of  the 
weather.  In  reply  to  my  question,  he  an- 
swered: "Doctor,  as  a  result  of  fifty  years 
of  seagoing  life.  I  can  assure  you  that  almost 
invariably.  1  might  say  without  exception,  the 
wind  in  its  shifting  follows  the  course  of  the 
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hands  of  a  clock,  that  is,  from  left  to  right 
Of  course,"  he  added,  "one  cannot  say  how 
long  the  wind  will  remain  in  any  one  quarter, 
but  when  it  changes  it  will,  almost  without 
exception,  take  the  course  I  have  stated.  For 
instance,  if  the  wind  is  in  the  northeast,  in- 
stead of  going  to  the  north  and  then  to  north- 
west, it  will  on  the  contrary  go  over  to  the 
east,  southeast,  south,  sotuhwest,  west,  and 
finally  reach  the  northwest."  When  I  asked 
him  why  that  should  be  he  said  he  had  never 
.been  able  to  obtain  an  answer  to  that,  but 
that  it  was  an  absolute  rule  as  far  as  the 
experience  of  his  life  went. 

One  other  observation  I  have  made  through 
all  these  years,  although  it  is  not  by  any  means 
as  exact  as  the  first,  is  that  the  winds  have  a 
fairly  accurate  length  of  time  in  which  they 
remain  in  their  various  quarters.  For  in- 
stance, northeast  and  east  winds  are  generally 
two  or  three  days  in  duration,  gradually  shift- 
ing to  southeast  and  south,  then  after  a  day's 
interval,  or  less,  reaching  west  and  northwest. 
These  remarks  apply  only  to  the  Atlantic  Coast 
and  contiguous  states,  and  are  inapplicable  to 
the  Pacific  where  the  conditions,  in  some  re- 
spects even  more  remarkable,  are  entirely 
different.— Dr.  Frank  S.  Abbott  in  N.  Y. 
Times. 


FLEXOID  AIR   CONVEYERS  IN   TUNNELING 

In  starting  the  building  of  the  Mill  Creek 
sewer,  which  is  an  extensive  tunnel  job,  at  St. 
Louis,  galvanized  iron  ducts  were  provided 
for  ventilation  in  the  shafts  and  headings. 
On  account  of  the  time  lost  in  re-extending 
the  pipe  to  the  headings  after  shooting,  the 
contractors,  Thomas  Connor  &  Sons,  took  up 
with  the  Bemis  ^Bros.  Bag  Co.,  the  question 
of  supplying  a  flexible  textile  conduit.  The 
result  was  a  duct  or  tube  of  heavy  rubberized 
fabric  practically  air-tight  and  water-tight, 
strong  enough  for  the  light  air  pressure,  light 
enough  to  be  easily  and  quickly  handled  and 
much  cheaper  than  the  galvanized  iron. 

It  is  made  in  sizes  up  to  24  in.  diameter  and 
normally  in  lengths  of  100  feet  with  handy 
iron  couplings.  At  the  job  spoken  of  there  is 
a  Jeffrey  blower  delivering  10,000  cu.  ft.  of 
air  per  min.  A  24  in.  Flexoid  tube  carries  the 
air  down  the  shaft,  and  16  in.  tubes  run  each 
way  to  the  headings.  D.  H.  Blanks,  engi- 
neer for  the  contractors,  estimates  that  just 
before     shooting,     the     blower      having    been 


stopped,  one  man  can  roll  up  the  duct  for  200 
ft.  or  more  in  a  minute  or  two  and  that  it 
can  be  replaced  again  even  more  quickly  after 
the  shooting.  The  Flexoid  duct  has  been  in 
use  at  St.  Louis  for  5  months  and  some  of 
it  has  already  been  replaced  on  account  of 
more  or  less  rotting.  It  is  considered  that  in 
dry  work  the  life  would  be  much  longer.  By 
the  time  the  job  is  finished  the  entire  duct 
may  have  to  be  replaced  once,  but  even  then 
the  cost  would  be  less  than  one-half  of  the 
cost  of  the  galvanized  pipe,  besides  the  great- 
er convenience  and  the  saving  of  time  in 
handling. 


NOTES 

A  4-in.  gas  main,  4000  ft.  long,  was  recently 
welded  at  Newbern,  N.  C,  with  Prest-0-Lite 
gas  and  oxygen.  The  material  used  was  stand- 
ard National  steel  line  tubing  and  was  sent  to 
the  job  with  the  ends  beveled  and  ready  for 
welding.  The  work  was  done  in  the  trench, 
as  it  was  found  that  faster  welds  could  be 
made,  joints  being  made  in  7  to  10  min.  A 
record  of  15  joints  with  one  torch  in  one  af- 
ternoon was  made,  the  apparatus  being  moved 
a  distance  of  approximately  20  ft.  after  each 
weld.  Soft  steel  wire  of  No.  8  gauge  was 
used  as  a  filling  material. 


The  number  of  sailors  who  have  been 
drowned  when  British  warships  have  been 
sunk  by  submarines  has  caused  the  Admiralty 
to  adopt  a  special  life  preserver.  The  device 
is  a  pneumatic  collar,  which  each  sailor  wears 
about  his  neck  at  all  times  when  within  reach 
of  the  enemy.  Ordinarily  it  is  not  inflated, 
and  so  is  not  in  the  way,  but  in  case  of  mishap 
the  wearer  may  place  his  lips  to  the  valve 
mouthpiece  and  blow  the  collar  full  of  air  in 
a  quarter  of  a  minute.  This  simple  device 
would  seem  to  be  a  valuable  one  although  evi- 
dently cheap,  and  should  be  on  sale  for  the 
general  public. 


According  to  the  decision  in  a  recent  suit  in 
a  West  Virginia  court,  gasoline  vapor  is  not 
a  gas.  The  lessees  under  an  oil  and  gas  lease 
perfected  a  method  for  condensing,  saving  and 
marketing  the  gasoline  that  was  wasting  from 
the  casing-head  in  the  form  of  vapor,  and 
tendered  to  the  lessors  the  stipulated  royalty 
based  on  oil  extraction.  The  lessors  claimed 
in  addition  thereto  the  minimum  gas  rentals, 
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hasiiiK'  llicir  contention  on  tlu-  tlu-ory  that  the 
Ka.s()liiic-vai)or  was  a  k«'»s  jjroduct.  The  court 
held  that  js'«i^»<>hiu -vapor  was  not  k^is  within 
contnnplation  of  the  kasr.  atul  that  the  k-s- 
sors  were  entitkd  to  royalties  hased  on  its 
production  as  a  part  of  the  oil  yield  of  the 
well 


A  recent  api)lication  of  Prcst-O-Litc  gas 
in  conihination  with  oxygen  for  cutting  steel 
work  was  at  the  drawhridge  of  the  h'lorida 
^Kast  Coast  Railway,  over  the  St.  John's  River 
at  Jacksonville,  I'la.  In  the  construction  of 
this  bridge  sheet  steel  piling  having  a  ^'s-in. 
web  and  approximately  2^4  in.  thick  on  the 
lock  joint  was  driven  to  form  the  protection 
piers.  Approximately  860  ft.  of  this  piling 
had  to  be  cut  ofY  at  a  uniform  height  and  at 
the  lock  joint  practically  four  sections  of 
metal  had  to  be  cut  through.  This  necessi- 
tated frequent  changes  in  the  adjustment  of 
the  blowpipe.  One  man  did  the  cutting  and 
between  40  and  50  ft.  of  piling  was  cut  in 
7  hr. 


The  change-house  at  the  Raritan  Copper 
Works,  Perth  Amhoy,  contains  a  main  venti- 
lating-pipe  that  is  fixed  along  the  centre  of 
the  building.  Branches  from  it  run  to,  and 
underneath,  each  lot  of  lockers.  By  this  means 
it  is  expected  that  the  lockers  will  be  kept 
thoroughly  ventilated,  and  in  wet  weather  the 
damp  clothing  will  be  dried. 


(hie  of  the  air  compressors  at  a  works 
where  T  was  employed  had  its  intake  in  the 
engine  room.  The  engineer  was  ordered  to 
extend  it  outside  in  order  to  get  it  away  from 
the  heat  and  moisture.  He  did  this  next  day. 
placing  it  immediately  over  the  exhaust  from 
a   small   non-condensing  engine. — Pozver. 


A  flash  of  lightning  during  a  thunderstorm 
is  credited  with  causing  an  explosion  in  a 
mine  shaft  in  South  Africa  which  killed  and 
injured  several  people.  According  to  the  re- 
port on  the  case,  the  foreman  in  charge  of 
sinking  the  shaft  had  connected  up  his  wires 
preparatory  to  a  blast  at  the  bottom  of  the 
shaft,  and  with  his  helper  was  being  hoisted 
from  the  shaft,  when  the  charges  exploded 
and  the  two  men  were  thrown  out  at  the  top. 
It  is  supposed  that  a  flash  of  lightning  during 
a  severe  thunderstorm  that  was  raging  struck 


the  hoisting  or  guide  ropes,  by  which  the 
electricity  was  conducted  down  the  shaft  to 
some  point  where  contact  was  nia<le  with  the 
wires  connected   with  the  explosivef. 


The  Navy  Department  has  awarded  to  the 
Internatif)nal  C)xygen  Company,  115  Broad- 
way.  New  York,  the  contract  for  the  erection 

of  a  hydrogen  generating  plant  for  ballor>ning 
purpi»ses  at  the  aeronautic  station  of  the  navy 
yarrl  at  Pensacola,  I-'la.  The  company  has 
also  received  the  award  from  the  Government 
for  the  installation  of  its  system  for  gener- 
ating oxygen  and  hydrogen  at  the  navy  yard 
at   Washington,   I).   C 


It  is  estimated  that  six  and  a  half  million 
people  are  employed  in  the  whole  world  in 
mining  and  quarrying,  about  one-third  of  them 
being  in  the  British  Empire.  Thus  digging 
for  minerals  is  one  of  the  chief  industries  of 
men.  and  compressed  air  is  in  this  line  the 
most   active   agent   employed. 


In  1912.  the  latest  year  for  which  detailed 
figures  are  available,  the  world  produced 
about  $4.So.ooo,ooo  worth  of  gold,  the  British 
Empire  contributing  sixty-one  per  cent.  Aus- 
tralia produced  ten  per  cent..  South  Africa 
nearly  forty  per  cent,  and  Canada,  the  Gold 
Coast.  India.  Rhodesia  and  New  Zealand  com- 
bined, eleven  per  cent. 


LATEST   U.  S.   PATENTS 

Full  sf'Ciificaiious  and  draiviugs  of  any  pat- 
ent may  be  obtained  by  sending  Hie  cents  (not 
stamps)     to     the     Commissioner    of    Patents, 

Ji'ashington,  D.  C. 

JULY    6. 

1.14  4.990.  PI'LSATORY  PERCl'SSIVE  DRILU 
I.EWI.'^    CONDTCT    Bavies.    EastoTi.     Pa. 

1.144.99»>.  WHEEL.  John  Archie  Borland, 
Cincinnati,    Ohio. 

1,14.'>.043.  PRESSl'RE-CONTROrLLKD  VALVE, 
William  F.  Treiber.  Corning:,  and  Emekt  L. 
Btlklev.    Painted    Post.     N.     Y. 

1.1 4."). 044.  BRAKE-CONTROL  VALVE.  Wa».- 
TER  V.   TrRNEH.    Etlcewood.    Pa. 

1.14r..04.T.  EMERGENCY  -  VALVE  DEVICE. 
Walter    V.    Ti-rner.    Edgrewo<^d.    Pa. 

1.145.047-S.  VACUUM  CLEANING  APPARA- 
TUS. Theodore  Wiedemann  and  Joseph  H. 
Tempi.in.     Philadelphia.     Pa. 

1.1 4.'.. 112.  VACUUM  CLEANING-MACHINK. 
George   Brand.   Brooklyn.    N.    Y. 

I.14.^>.144.  ELASTIC  -  FLUID  TURBINE. 
Franklin    P.    Jackman.    Marshflold.    On^jf. 

1.1 4.=^. 1  SI.  VACUUM-PUMP.  Charles  BRE>rr, 
BuffaU>.    N.    Y. 

1.145.2T»'.  PNEUMATIC  PAD  FOR  PRINT- 
ING-PRESSES. Charles  A  Stirtevant, 
FMainlVld.    N.    J. 
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1,145,395.  APPARATUS  FOR  PRESERVING 
BY  VACUUM.  James  R.  Werth^  Richmond, 
Va. 

1,145,437.  OIL-BURNER.  Sid  Perry  and 
Charles    A.*   Kenworthy,    Tenino,    Wash. 

1.145.555.  VACUUM-CLEANER.  George  Cle- 
ments,   Chicago.     111. 

1.145.f501.  PRESSURE  -  REDUCING  VALVE 
FOR  GAS.     Louis  Lemoine.  Paris,   France. 


1,145,725.     VACUUM  -  CREATING         DEVICE. 

George   C.   Weiss.  Pittsburgh,   Pa. 
1,145.728.      EVAPORATING      APPARATUS. 

Wilhelm    Wiegand.    Merseburg,    Germany. 
1.145,810.     DOMESTIC       VACUUM  -   SEALEK. 

George   Brown   Sinclair  and   Silas   E.    Mex- 

ough.  Wellsville,    Ohio. 
1,145,868-9.     CAR    -    VENTILATING     SYSTEM. 

DwiGHT    I.    Cooke,    Chicago,    111. 


'Xr4€iDZ0 
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JULY    1:5 

],i4r..iMs     WATKR  -  co()Li:i»       iu.ovvpipf:. 

ADrti.i'ii     \V.    Wakkn.    Nfw    York.    N.    Y. 
1.14t;.ni:!        JMt()('l':SS   <)l''    I'ICKIN'd    ANH   SKP- 

AltA'l'I\<;     Cn'I'I'ON     I-'KOM     MOLLS        .Immn 

MK.rKK.    iMillas,    'I'lX. 

A  prixM  ss  of  s«-piir:it  iri^;  cotton  from  Its  luirs 
cuiisisliiiK  in  cMiisitiK  Ixxllly  tlu-  bur  with  tlw 
cotton  Htlll  attached  thereto  to  bo  deta<"h«Ml  frn-n 
th«'  slrni  of  thr  i)I:int  urul  drlvon  forcibly  hi/ 
pncininitir  mrtins  aKiiinsl  a  ron'^honcd  conv«'X 
suilacc  separating'  the  flhcr  from  the  l)nr.H  by 
attrition  between  said  sni'fao'  and  a  '  revolving 
element,  cansin^  fnrtlier  downwaid  nio\'ernent 
of  the  burs  aiid  fiber  by  the  combined  action 
of  the  blast  and  revolving  element  and  s«'f»arat- 
Ing  the  burs  from  the  fiber  by  action  of  gravity 
during  such  movement,  and  finally  •deposltlnp: 
the  tib»'r  and  burs  in  separate  receptacles. 


traniir**rrlnic    W-iikc*! 


I 


IfAitRr   H.    IXiijBvrt . 


fhililH    wllhin    thir    chamfxT,    and    a    t»ijfi(f»    wi' 
.Maid  ehanilxT  liavInK  rniThanlcal  conri'-ctWm  wr 
l»orh    of    xald    memJHTM    for 
ll'inld    to    >4ald    cham^MT. 
1.I4«;..177        F'r.rn>-MKTER 

NN'Af,i'<»i,K,    F'rf»vldenfe,    l» 
I   I4«;.4itJ».      FLI'ID-.MKTKIl 

Provhleiicf..    K     I 
I.I4«;.4S7       AI»l-rOMF'FlKS.SION    FM'MP.      IfK.v  tl 

Ai.iMN   JoHUMi    KvKMgi.'K,   V'al#-nr«',    Franc*. 
LI4»>.'.nL      IMPKFOtLNATINr;      FILKS.         HaKKY 

(1.     Jk.vnihon,    Toledo.     Ohio. 
l.Hfi  .-,L'r,.     fjfovicp:        VOK        CONTROLLI.NVJ 

KF.riD-F'RKSSURE.        Danicl     Hcanla.v,     «t. 

Louis.    Mo. 

Li4»;  .-,40.    VArrn'M-cr^PiANKH 

WiNTKR.   Rea<lln>?.    F*a. 

L14H.7.-,.'5.      AIR-(;L'N.  Akthui! 

Se.ittle.     Wash. 


Joif.v       \f 

V.         DlCKET, 
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I,14(;.(tl4.  MKTHOD  FOR  CONCENTRATING 
NICOTIX  SOLUTIONS.  Robkut  G.  Mew- 
BOKNE.     Louisville,     Ky. 

L      Tlie    improvemt^nt    in    processes    of    concen- 
trating   solutions     or     extracts     containing     free 
nlcotin,    which    consists    in    distilling    the    water 
off  in  a  chamber  mantained  imdtM"  a  hiph  vacxiiDn 
and    the    corresponding    low    temperature    to    the 
desired    point   of  concentration. 
LI  46. 01  9.      VACUUiM-PRODUCING       METHOD 
AND  MEANS.     AuQUST  H.  Pfund,  Baltimore, 
Md. 
L14t;020.      AIR     LIQUEFIER     AND     SEPARA- 
TOR.     Jamks    F.    Place,.   OUn   Ridge.   N.   J. 
1.140.193.      FLUID-PRESSURE     CHUCK-ACTU- 
ATING DEVICE.     William  L.   Miller,  Madi- 
son,   Wis. 
1,146.202.      ANEMOMETER.  Alec  Ogilvie,  East- 
church,     Sheppej',    England. 
1,146.284.      AIR       AND       WATER       BLOWPIPE 
FOR  ROCK-DRILLING.     Frank  T.   Sanders. 
Colorado.    Springs,    Colo. 
1,146,33^.      FLUID-PRESSURE   DEVICE.   Rich- 
ard   I..iEBAr.    Watervliet.    N.     Y. 
1.      The    combination    with    members    having    a 
sliding  joint   therebetween  and   forming  a   cham- 
bered    device    capable    of     movement     for    com- 
pression   and    extension,    of    liquid    and    gaseous 


1,146,77a.  APPARATUS  FOR  PNEUMATICAL- 
LY DELIVERING  MATERIAL.  GiLSERT  H. 
Gilbert,    New    York.    N.    Y. 


JULY   20. 


Harrt 
Charles 


H 


1.146.7^1.      SUBMARINE     ARMOR. 

BowDOiN.    Bavonne.    N.    J. 
1,146.S70.      DRILLING-MACHINE. 

Haeseler,    Philadelphia,    Pa. 

1.     In   a   drilling   machine,   the  combination   .->: 
a    drilling   engine    including   a    cylinder,    a    1 
mering    piston    reciprocable    therein,    a    rotat 
tool    holder   at    the    front   end   of   the   cylinder,   a 
back     head    for    the    cylinder,    a     rotar>'     motor 
mounted   in   the   back   and   reduction  gearing   be- 
tween   the   motor  and    tool    holder. 
1.147.002.      AIR-PUMP.        Thomas     S.     Causet. 

Dallas.   Tex. 
1.147.064.      VACUUM    BLACKBOARD-ERASER 

Miles   V.   Wolf.  Ashland,   Ohio. 
1.147.14S.      AIR-CUSHION.       Chahles     I      DiCK- 

ERSox     Duohtsne.    Utah. 
1.147.ir>0.      METHOD    OF    OBTAINING    OXIDS 

OF  NITROGEN  FROM  ATMOSPHERIC  AIR 

Francis    I.   nr   Pont.   Wilmington.    Del. 

1.  The  her^^inbefore  described  method  of  pro- 
ducing oxids  of  nitrogen  from  mixtures  of 
oxygen  and   nitrogen  which  consists   in   isolating 
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Slice  ssive  and  independent  quantities  of  xh>^ 
niixtd  gases  and  within  a  space  having  con- 
si.ierable  length  relati\ely  to  its  diameter,  sub- 
jecting each  vohime  of  mixed  gav=es  to  the  in- 
Hut  nee  of  an  electric  arc,  drawing  out  the  arc 
in  the  lengthwise  direction  of  extension  of  said 
volume  of  mixed  gases,  proportioning  the  amount 
of  current  in  the  arc  to  the  diameter  of  said 
volume  of  mixed  gases  so  as  to  effect  a  sub- 
stantially instantaneous  heating  of  the  latter  to 
a  high  temperature  and  simultaneously  there- 
with converting  the  heat  into  mechanical  energv. 
1,147.LM2.  AUTOMATIC  BRAKE-RELEASIOU. 
Edward  O.  Hentschel.  Cincinnati,  and  Wil- 
liam F.  C.  IIartinc.  Elmwood  Place,  Ohio. 
1,147,265.     PRODUCTION     OF     OZONE.      John 

Robert  Quaix.   London,   England. 
1,147,286.      SPRAYER.   Fred  S.   Welch.  Pontiac, 

Midi. 
1.1 47, .370.      INTERNAL-EXPLOSION     ENGINE. 
Co.N'RADiN   Alfred   Breitung,   Seattle,   Wash. 


liquid  supply;  lilling  mechanism  connected  ta 
said  tank  :  and  means  for  supplying  gas  under 
pressure  to  said  tank  and  to  a  container  to  be 
tilled,  said  means  comprising  hydraulic  means 
for  maintaining  a  constant  excess  pressure  on 
the  liquid  entering  said  container  over  the  gas 
pressure  in  said  container. 
1.147.96.3.      RECIPROCATING     FLUID-MOTOR. 

AValter       J.       Meiluk,       Hamilton,       Ontario, 

Canada. 
1.14S.02.-1.     AIR-RELEASING  APPLIANCE  FOR 

SIGNALS,     SWITCHES,     AND     THE     LIKE. 

Cleburg    Wesley    Killtan.    Oakland     Cal. 
1.148.033.      PUMP   OR   COMPRESSOR.      Ernest 

William       Herbert      McMichael.      Waltham 

Cross,    England. 
1.148,073.     AIR-PUMP.      Peter   J^^cob    Bode,   St. 

Louis.    Mo. 
1.148.077-S2.      PNEUMATIC   AMMUNITION 

ELEVATING       AND       LOADING       Dfc]VICE. 

James  T.   Cowley..  Boston,   Mass. 


i-^ 


1^1^ 


i 


^=- 
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1.  In  an  engine,  in  combination,  a  main  or 
power  developing  rotor,  a  preliminary-air-com- 
pressing chamber  and  a  rotor  therein  connected 
to  and  rotating  with  the  main  rotor,  a  final- 
compn'ssion  cylinder  and  a  piston  therein  operat- 
fd  from  the  main  rotor,  a  valve  between  said 
cylind<-r  and  the  prpliminary-air-compressing 
chamber,  a  valve  betwi>rn  said  cylinder  and  the 
main  rotor,  and  nif-ans  for  operating  said  valves 
from   the   main    rotor. 

1,147.436.       HYDROPNEUMATIC  LOCOMOTIVE 
REVP:RSIN'G-GEAR.      Eugene    L.    Ragonnet, 
Langhorne.    Pa. 
1.147.438.      VACUUM  -   OPERATED  GLASS- 

LADLE.      Solon    O.    Richardson    Jr..   Tt>l*do, 
Ohio. 

1.147..160.  MASSAGE  APPARATUS.  Frank 
Shurtleff  and  Wilfred  Shurtleff.  Moline, 
III. 


1,147.646. 
R0BBI.V8, 


A I R-COMPRESSOR. 
Scran  ton.    Pa. 

JULY    27. 


Wll.LIA.M         F. 


1.147.820.     ELECTROPNEUMATIC 

William    M.    Scott,    Philadelphia. 
1.147,861.      PACKAGING       LIQUIDS. 


Hennebohle.      Uhicatjo 
Patitz.   Oak    Park.    III. 
1.     In  a  liquid  filling  machine,  th( 
a    filling    tank    connfcted    with 


SWITCH. 
Pa. 

I'^RANK  1 


and      Gerhardt      J. 


combination 
a    source    of 


1,148,097.  EMERGENCY  AIR-BRAKE  AP- 
PLI.ANCE.  Fortes  M.  Kleckner,  Drumright, 
Okla. 
1,148.116.  PNEUMATIC  -  DESPATCH  -  TUB I-: 
APPARATUS.  JoHNT  T.  Neediiam,  Bayonn.^, 
N.  J. 
1,148,177.     VEHICLE    AIR-SPRING.       Richard 

LiEBAU,  Swissvale.   Pa. 
1.148.1  SS.      PRESSURE       DEVELOPING       AND 
DRIVEN  TOOL.     Alexander  Palmkos,  Syra- 
cuse. N.  Y. 

1.  A  reciprocating  tool  compris'ng  fluid  pres- 
sure developing  and  driven  members,  a  common 
cylinder  for  said  memb'^rs.  a  fluid  pressure  stor- 
age chambfr  situated  to  receive  fluid  under  pres- 
sure from  said  pressure  developing  piston  dur- 
ing its  foiward  stroke,  a  valve  controlled  int;ik(y 
port  and  a  dischnrge  port,  said  pressure  de- 
veloping member  having  a  rearward  extension 
for  closing  said  dischai-ge  port  during  the  great 
er  part  of  its  stroke,  said  ports  establishin.g 
communication  between  tlie  cylinder  of  sai<T 
members  and  s;iid  storage  chamber. 
1,148,310.      PNEUMATIC      TOOL.        George      H. 

Oilman.  Claremont,  N.  H. 
1,148,31.'..  HYDROPNEUMATIC  PUMP.  Ben- 
jamin S.  H.  Harris,  Greenville,  S.  C. 
148,371.  PNEUMATIC  FEEDING  MECHAN- 
ISM FOR  BRANDING  OR  PRINTING  MA- 
CHIXES.  Oi{iN  C.  Fenlaron,  Hoquiam,  Wash. 
148.376.  PNP:UMATIC  INSOLE.  Samuel  S, 
Gat,  Sedro  Woolley,  Wash, 
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VIC.     I.    LOADIXt;    AXn    STORAGK    TRFSTI.K. 

THE  LINING  OF   SANDY  RIDGE  TUNNEL 

BY     ORLANDO     K.     MORGAN. 

The  Carolina.  Clinchfield  and  Ohio  Rail- 
way has  recently  completed  and  placed  in  op- 
tration  that  portion  of  its  liiu-  known  as  the 
Klkhorn  Extension,  thus  extending  the  line 
from  Dante.  \'a..  to  Elkhorn  City.  Ky.,  the 
terminus  of  the  Big  Sandy  Division  of  the 
Chesapeake  and  Ohio  Railway.  Where  the 
above  extension  passes  under  the  divide 
known  as  'Sandy  Ridge"  just  north  of  Dante. 
Va.,  there  is  a  tunnel,  single  track.  7.804  ft. 
long.     This  tunnel   passes    for  al><)Ut   one-half 


TL'XNKI.    KXTKANCK     IN      BACKGROUND. 

its  length  through  slate  and  shale  formations 
which  disintegrate  upon  exposure  to  air,  and 
the  remaining  half  through  sandstone  forma- 
tion badly  seamed  and  broken.  In  view  of 
these  conditions,  the  management  decided  to 
promptly  begin  the  lining  of  the  entire  tun- 
ni'l    witli   concrete. 

Ibis  work  would  require  the  placing  of  be- 
tween 50,000  and  60,000  cu.  yds.  of  concrete, 
all  oi  which  would  have  to  be  done  while 
traffic   was  passing  through   the  tunnel. 

In  addition  to  Sandy  Ridge  there  arc  a 
mmil>er  of  t»tlier  tunnels  on  the  above  exten- 
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FIG.   2.   TRESTLE    FROM    SOUTH    PORTAL. 


sion  as  well  as  on  other  portions  of  the  road 
which  may  require  lining  in  the  future  under 
similar  conditions  of  traffic.  With  this  in 
mind  the  Railway  Company  engineers  made 
a  special  study  of  various  plans  for  the  above 
work  by  which  it  could  be  done  with  economy 
and  rapidity,  also  holding  in  mind  that  much 
of  the  plant  would  be  used  for  similar  work 
after  this  particular  job  is  finished. 

The  result  of  these  studies  was  the  determ- 
ination to  use  the  compressed  air  method  of 
mixing  and  placing  the  concrete,  and  to  pro- 
vide for  this  a  plant  as   follows  : 

(i)   A    self-propelled    concreting   car. 

(2)  A    loading   and    storage    trestle. 

(3)  Compressed  air  plant  and  pipe  line 
through  tunnel. 

(4)  Concrete  forms  quickly  and  easily  mov- 
able. 

These  features  will  be  described  separately. 

CONCRETE   CAR. 

On  account  of  the  great  length  of  the  tun- 
nel it  was  deemed  impracticable  to  furnish  the 
concrete  from  a  mixer  located  at  either  por- 
tal.' It  was  concluded  at  the  outset  that  the 
mixing  could  be  done  inside  the  tunnel  where 
the  concrete  was  to  be  deposited,  and  the  con- 


clusion was  that  a  car  carrying  the  ingre- 
dients would  be  the  proper  solution.  It  also 
appeared  most  desirable,  if  not  absolutely 
necessary,  to  handle  the  car  without  filling 
the  tunnel  with  smoke.  These  premises  led 
to  the  idea  of  a  concreting  car  self-prcpelled 
and  finally  to  the  gasoline  engine  as  most 
nearly  fulfilling  all  conditions  for  the  propell- 
ing device.  A  gas  engine  would  emit  only  a 
small  amount  of  smoke  or  gas  while  moving 
and  could  be  shut  off  entirely  when  position 
was  taken.  It  occupies  but  small  space  and 
can  be  operated  by  one  man.  and,  contrary  to 
general  belief,  it  is  very  reliable.  To  obtain 
capacity,  gravity  flow  of  materials,  and  a 
convenient  and  desirable  arrangement,  the  car 
must  be  made  as  large  as  the  standard  clear- 
ance of  the  road  would  permit  after  allow- 
ing room  for  concrete  forms.  The  dimensions 
are  40  ft.  long  over  end  sills.  10  ft.  4J/2  in. 
wide  over  braces,  and  17  ft.  9  in.  from  top  of 
rail  to  top  of  car.  It  was  decided  to  build  it 
of  steel  as  the  material  bins  are  high  above 
the  rail  and  the  weights  considerable. 
The  principal  features  of  the  car  are: — 
A  central  chamber,  open  on  the  sides,  8^/2 
ft.  long,  ')  ft.  S  in.  wide,  and  10  ft.  3  in.  high, 
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in  wliiili  is  Int.iicd  oii  oik-  si«l«'  the  concrete 
(pneumatic)  mixer  and  on  tlw  otln-r  side  the 
cIi.'irKinvf  skip.  Over  this  chanihcr  is  a  water 
tank  of  1850  gaUoiis  capacity.  I  his  tank 
furnishes  water  for  the  concrete  and  is  also 
connected  with  the  cooling  system  fi>r  the 
gasoline  euKiiH'.  Pacing  the  central  chamher 
is  the  stone  bin  ( .^o  cu.  yds.  capacity)  on  one 
end  and  the  sand  bin  (i2  cu.  yds.  capacity] 
on  the  other.  I'.ach  hin  has  a  chute  20  in.  wide 
lea(hnK    to   the   rhari.,Mni.j   skip,    and    each   chutf 


pipe  at  the  Inittom  running  honumtzWy  and 
curviuK  to  the  out-^ide  of  the  rear  truck  and 

thence  vertically  to  near  the  top  of  the  car, 
where  it  hranchcs  by  mean^  of  a  wye  into 
two  lines,  one  a  iHo-deRrec  fiend  to  the  rear 
for  "shooting"  in  foundation  and  sidewall. 
and  the  other  going  to  the  roof  for  "sh'Kiting" 
into  the  arch.  The  wye  is  a  s[>ecial  patented 
device  with  a  sliding  plate  controlling  the 
movement  of  material  into  either  arm.  The 
arrMiu'ttiKiif    of    thr    pifx'.    travfdint;    with    the 


FIG.    3.    CONCRETING    CAR.       CENTER    OF 

is  coutrulled  by  an  under-cut  gate.  Lnde: 
the  stone  bin  is  space  occupied  by  a  96  cu.  ft 
air  receiver  standing  vertically,  and  also  space 
for  storage  of  cement  in  bags  and  protected 
from  water  by  the  bin  o\erhead.  Under  the 
sand  l)in  is  the  gasoline  engine  and  its  au.xtl- 
iary  equipment  completely  housed  from  water 
and  dust.  The  charging  skip  in  its  lower  po- 
sition stands  its  top  rim  about  1  ft.  3  in. 
above  the  floor,  and  it  travels  on  inclined 
guide  rails  (40  lb.  Tee  rails),  to  its  upper  po- 
sition over  the  mixer,  being  hoisted  by  a  com- 
pressed air  cylinder  9^4  in.  diameter.  The 
gate  of  tlie  skip  works  automatically  by  means 
of  a  guide  rail.  Ihe  mixer  is  for  a  two-bag 
batch    (4-10  cu    \d.)    and   has   its  3-in.   outlet 


SIDE    PLATFORM    IX    \V0RKIN6    K)SITI0N. 

car  and  being  in  position  at  all  times  for 
"shooting"  concrete,  is  an  important  one  in 
saving  time  and  expense.  One  of  the  difficul- 
ties of  many  jobs  where  the  pneumatic  mix- 
er has  been  used  was  the  handling  of  the  big 
heavy  pipe. 

Along  one  side  of  the  car  is  a  folding  plat- 
form J  ft.  wide  level  with  the  main  floor.  This 
is  used  by  the  men  carrying  cement  and  to  get 
to  and  from  the  engine  room,  during  the  ordi- 
nary work  of  the  car  this  platform  remains 
down.. 

The  entire  arrangement  is  compact  and  with 
a  view  of  saving  manual  lalv>r-  One  man 
controls  the  hoisting  of  skip,  injection  oi  wat- 
er,  and    mixing   and   discharge   of    the   batch 
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One  man  is  placed  at  each  chute  and  two 
men  carry,  open,  and  empty  the  cement  bags. 
The  gasoline  engine  is  of  the  six-cylinder 
four-cycle  Tee  head  type  and  rated  200  H.  P. 
at  350  r.  p.  m.  It  can  be  throttled  to  125 
r.  p.  m.  The  motor  and  its  frame  constitute 
one  of  the  trucks  of  the  car.  The  cylinders 
stand  in  a  row  at  right  angles  to  the  track 
and  the  whole  construction  is  compact  but  ac- 
cessible. It  is  started  by  compressed  air  be- 
ing admitted  to  three  cj'^linders,  then  the  ex- 


times  as  high  as  _'5  miles  per  hour.  The  mix- 
er was  .installed  and  the  piping  done  on  the 
car  by  the  Pneumatic  Placing  Company  of  45 
Broadway,  New  York  City. 

LOADING    AND    STORAGE   TRESTLE. 

This  is  of  special  design  and  so  arranged 
that  the  above  car  goes  under  it  and  receives 
stone  (crusher  run),  sand,  cement  (in  bags), 
and  water,  all  by  gravity  and  frequently  all 
at  the  same  time.  The  sand  and  stone  is 
drawn  from  overhead  bins  by  means  of  under 


FIG.    4.    WORKING 

plosion  of  the  gasoline  takes  place  in  the  oth- 
er cylinders  and  continues  the  motion.  The 
transmission  is  by  means  of  a  Morse  chain 
on  to  the  driven  axle  (one  only  being  used) 
and  the  control  is  through  a  friction  clutch 
of  special  design.  The  general  principle  em- 
ployed is  much  the  same  as  in  the  ordinary 
automobile.  The  car  and  gasoline  engine  were 
built  by  the  McKeen  Motor  Car  Co.,  of  Oma- 
ha, Nebraska  It  was  sent  knocked  down  and 
was  erected  at  the  Railwa>  Shops  at  Erwin, 
Tenn.,  and  mo\  cd  to  the  work  (105  miles)  un 
der    its    o\mi    i>ower    at    a    speed    ranging;    at 


CHAMBER    OF    CAR. 

cut  gates.  Cement  is  conveyed  into  car  by  a 
chute.  The  trestle  has  a  track  over  its  deck 
upon  which  stone  and  sand  in  hopper  cars  is 
stored  or  unloaded  into  the  bins  below.  There 
is  a  continuous  row  of  27  bins  with  an  aggre- 
gate capacity  of  324  cu.  yds.  and  total  length 
of  162  ft.,  and  five  loaded  cars  can  be  stored 
over  these  bins,  giving  a  storage  of  200  cu. 
yds.  in  addition  to  .the  above.  The  trestle  is 
built  of  timber  and  attention  is  called  to  the 
unusual  arrangement  of  posts  and  l)racing. 

((»M  PRESSOR    PLANT    AND    PIPE    LINE. 

I  he    cf>mpressor   plant    is   exceptional    for   a 
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temporary  uuttit.  I  <>  suvc  mmicy  on  tOuiida 
tioiis  and  al  the  sainr  time  increase  the  space, 
the  Moor  level  of  boilers  and  compressors  was 
fixed  4',i  ft.  above  siil)-Krad<"  and  the  con- 
crete foundations  and  ritn  walU  were  built  up 
to  this  heiffht  and  the  space  underneath  util 
ized  for  water  tanks  and  ash  pit.  The  build- 
ing is  of  F  in.  boards  covered  with  tar  pai)er 
The  arrangement  chosen  permits  coal  to  be 
dumped  from  cars  on  trestle  above  described 
to  a  pile  in  front  of  the  boilers.  There  are 
two  boilers,  both  locomotive  type,  one  new 
150  11.  P.,  one  old  70  II.  P  They  are  so  con- 
nected by  piping;  that  either  one  can  be  cut  ir 


mouth  l-rom  the  cotn|irc»s<>rt  a  6-inch  pipe 
leads  to  a  150  cu.  ft.  air  receiver  and  thence 
a  4-inch  pipe  line  goes  on  a  steady  0.5  per 
cent  down  grade  entirely  through  the  tunnel 
.\t  the  lower  end  is  a  pet  cock  to  draw  off 
any    water.      In    order   to   care    for   «•  » 

and  contraction  the  pipe  line  is  laid  a  :  ^ii: 
ly  on  the  east  and  west  sides  of  the  track  in 
lengths  of  about  i.ooo  ft.  connected  by  curves 
of  J  ft.  radius.  The  bottom  of  the  pipe  is  at 
level  of  bottom  of  ties  and  distant  i  ft.  o  in. 
from  end  of  ties.  About  every  100  ft.  a  long 
radius  tee  is  placed  and  alKjut  20  mine  cocks 
of    4-inch    size    arc    provided ;    these    can    be 


FIG.  5.  fl.\shlh;ht  of  con 

or  out  of  service  for  cleaning  or  repairs.  Two 
compressors  are  installed  but  an  extra  founda- 
tion for  another  unit  is  provided,  the  reason 
for  which  appears  elsewhere.  The  compres- 
sors are  alike  and  of  the  Ingersoll-Rand  R. 
R.  I.  Rogler  Valve  class.  This  is  a  high  speed, 
single  stage,  modern  tyi)e  compressor.  Steam 
cylinder  ijxij,  air  cylinder  12x14,  piston  dis- 
placement, at  250  r.  p.  m..  528  cu.  ft.  and  act- 
ual output  about  ^7S  cu.  ft.  of  free  air  per 
minute  each,  or  750  cu.  ft.  for  both.  They 
work  under  125  lbs.  steam  pressure  and  com- 
press air  to  115  lbs.  They  are  cooled  by  water 
brought    by   gravity    from    an    old   coal    mine 


CRETE   WORK    IX    TrXNEL. 

shifted  to  the  various  tees  as  the  progress  of 
the  work  demands.  From  the  mine  cock  a  3- 
inch  hose  connects  with  the  96  cu.  ft.  air  re- 
ceiver on  the  car.  The  arrangement  thus  be- 
ing that  by  means  of  a  hose  60  ft.  long  the 
car  can  be  connected  to  the  4-inch  pipe  line 
at  any  point  at  which  it  may  stop  and  receive 
an  ample  supply  of  air. 

FORMS. 

riie  forms  are  of  steel  except  the  arch 
ring,  which  is  ^^inch  hard  pine  on  steel  ribs. 
They  are  of  the  Blaw  collapsible  t>'pe  but  of 
exceptionally  stiff  design.  They  are  held  In- 
anchor  bolts  to  the  walls  of  the  tunnel  and 
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are  without  interior  bracing,  rods  or  struts,  so 
that  the  concreting  car  as  well  as  trains  may 
pass  without  interruption.  They  are  collapsi- 
ble by  inserting  temporary  rods,  which  are  re- 
moved after  this  is  done.  Five  30-ft.  sections 
are  provided,  and  it  is  expected  the  car  will 
fill  at  least  one  section  each  day  and  lose  no 
time  waiting  for  the  moving  of  forms  or  for 
concrete  to  take  its  set.  For  the  foundations 
and  initial  bench  wall,  wooden  forms  are  in 
use.  They  arc  made  in  sections  of  12  ft.  and 
braced  from  the  track  and  are  taken  down 
and  carried  ahead  and  re-used  as  required. 


one  run  of  joi  cu.  yds.  have  been  made.  The 
work  so  far  has  been  putting  in  the  founda- 
tion and  initial  lift  of  bench  wall  4  ft.  4  in. 
high,  which  requires  moving  the  car  more 
than  will  be  necessary  when  "shooting"  into 
the  arch  form.  The  performance  is,  however, 
largely  dependent  upon  interference  from 
trains  passing  through  the  tunnel. 

Another  feature  of  this  plant  is  the  short 
I)ipe  through  which  the  charge  moves.  Gen- 
erally speaking,  it  has  been  held  that  at  least 
50  ft.  of  pipe  was  necessary  to  get  a  good  mix- 
ture of  concrete.     In  this  case  it  goes  through 


FIG.    6.    LOOKING   OUT   OF 
IN   GENERAL. 

The  car  began  regular  operation  in  the  tun- 
nel on  July  9.  191 5,  and  has  worked  every 
day  since,  Sundays  excepted,  and  has  steadily 
increased  its  output  as  the  men  have  become 
more  used  to  the  work  and  better  organized, 
as  shown  by  the  following  record  : 

Week  ended  July  17,  1915.  261  cu.  yds. 
Week  ended  July  24,  19 15.  379  cu.  yds. 
Week  ended  July  31.  1915.  516  cu.  yds. 
Week  ended  Aug.  7,  191 5,  822  cu.  yds. 
Week  ended  Aug.  14.  191 5,  928  cu.  yds. 
Several   runs  of    180  cu.   yds.   per   day   and 


SOUTH    END   OF  TUNNEL. 

4i  ft.  of  pipe  and  10  ft.  of  chute  and  the  mix- 
ture is  good.  In  several  installations  concrete 
has  been  placed  through  1,200  ft.  of  pipe,  and 
the  record   for  distance  to  date  is  2,805   ft. 

One  of  the  difficult  problems  confronting 
the  designer  is  to  place  the  charges  of  ingre- 
dients into  the  mixer  fast  enough  to  work  it 
to  its  capacity.  The  mixer  can  shoot  a  batch 
every  15  seconds  provided  sufficient  air  is 
furnished.  But  to  give  it  a  charge  of  material 
every  15  seconds  seems  to  be  an  unsolved 
problem. 

Time  records  of  the  device  here  used  show 
the    speed    at    which    batches    are    discharged. 
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giving  the  actual  time  the  car  is  coupled  to 
the   hose   and   working    inside   the   tunnel. 

Aug.  17,  i<)i5.  4-'.?  l)atclu>  in  ^i<^  minutes, 
average  54.0  seconds   per  batch. 

Aug.  18,  1*^15.  ^^^  hatches  in  ^oj  minutes, 
average  3()  i    seconds  per  hatch. 

Aug.  i[),  1915.  448  batches  in  .^40  minutes, 
average  45.5   seconds   per   batch. 

Aug.  JO,  1915,  325  batches  in  J30  minutes, 
average  4O.1    seconds  per  batch. 

Aug.  21,  IQ15,  309  batches  in  j8o  minutes, 
average   54..^   seconds   per  batch. 

The  variation  is  due  to  condition  of  mater- 
ial, whether  wet  or  dry,  which  atifects  the  ra- 
pidity with  which  it  Hows  in  chutes  and  skip. 
It  is  believed  the  operation  can  be  speeded  up 
to  an  average  of  about  35  to  40  seconds  with 
dry  material.  Observe  that  the  door  of  the 
skip  automatically  opens  as  the  skip  reaches 
to  position  and  closes  as  it  is  lowered  away 
from  same,  also  the  door  serves  as  a  chute 
while  open,  also  that  side  slopes  are  steep  and 
unbroken,  so  that  it  can  free  itself  quickly.  The 
material  when  damp  has  a  decided  tendency  to 
arch  either  vertically  or  horizontally  and  fre- 
quently this  arch  must  be  broken  by  hand. 
The  hoisting  of  the  skip,  the  placing  of  the 
water,  and  the  discharge  of  the  batch  is  all 
controlled   by  one   operator. 

The  lighting  of  the  inside  of  the  car  is  by- 
carbide  lights  and  of  the  outside  work  by 
hand  torches  and   carbide  lights. 

A  great  diversity  of  opinion  exists  among 
those  familiar  with  the  compressed  air  meth- 
od of  mixing  and  placing  concrete  as  to  the 
quantities  of  air  required.  So  far  it  appears 
that  the  present  plant  with  a  capacity  of  750 
cu.  ft.  of  free  air  per  minute  is  ample  for  this 
work,  but  on  account  of  this  difference  of 
opinion  provision  has  been  made  in  the  com- 
pressor house  for  the  placing  of  an  extra 
compressor  in  case  it  is  required.  It  was 
found  that  one  compressor  alone  slowed  the 
work  down  to  a  batch  in  about   1%  minutes. 

The  plant  was  designed  by  O.  K.  Morgan, 
office  Engineer,  under  the  general  direction 
of  Ward  Crosby.  Chief  Engineer,  of  the  C.  C. 
&  O.  Ry. 


The  pressure  of  the  atmosphere  in  pounds 
per  square  inch  at  any  altitude  may  be  closely 
approximated  for  ordinary  temperatures  by 
multiplying  the  height  of  the  mercury  baro- 
meter in  inches  by  0.4OI 


INSTALLINQ    AIK  LIFT  PUMPS 

I  he  increasnig  use  of  deep  wells  as  s^vurcei 
of  water  supply  ior  cities  in  different  parU 
of  the  country  has  greatly  stimulated  the 
adopti(»n  of  the  air  lift.  Briefly  the  advan- 
tages and  disadvantages  of  air  lifts  may  be 
reviewed  as  follows.  They  are  superior  lo 
j)umps  of  other  kinds  because  of  the  entire 
lack  of  moving  parts  in  the  well  and  the  large 
rate  of  tlow  which  can  be  obtained  by  their 
u.se  These  are  especially  desirable  qualities 
when  one  or  two  wells  are  depended  on  to 
furnish  the  entire  water  supply  of  a  town.  Op- 
posed to  these  desirable  qualities  is  the  low 
efficiency  of  the  device.  Its  use  should  there- 
fore be  limited  to  those  cases  where  efficiency 
can  be  sacrificed  for  the  sake  of  reduction  in 
maintenance  expense,  increase  in  well  out- 
put or  increase  in  reliabilty. 

In  general  an  air  lift  consists  of  an  air  pipe 
extending  a  considerable  distance  below  the 
level  of  the  water  in  the  well  and  so  arranged 
that  the  air  supplied  to  it  by  an  air  compres- 
sor, located  at  the  surface  of  the  ground,  is 
delivered  near  the  bottom  of  the  eduction 
pipe  which  carries  the  mixture  of  air  and  wa- 
ter to  the  point  of  discharge. 

The  maximum  air  pressure  required  to  start 
a  lift  to  operating  is  equal  to  2.31  times  the 
submergence  of  the  air  pipe,  in  feet.  As  soon 
as  the  lift  begins  to  operate,  the  pressure  is 
reduced :  because  of  the  drawing  down  of  the 
water  in  the  well,  thus  reducing  the  submer- 
gence, and  increasing  the  lift.  This  lowering 
of  the  water  level  may  be  considerable  and  is 
the  determining  factor  in  fixing  the  economi- 
cal output  of  a  well. 

A  number  of  the  factors  whicli  enter  into 
the  efficiency  of  an  air  lift  must  of  necessity 
be  determined  by  experiment  on  the  particular 
well  in  question  ;  but  some  of  them  admit  of 
generally  applicable  determinations  being 
made.  Among  these  is  the  best  form  of  foot 
piece,  as  the  connection  between  the  air  pipe 
and  the  eduction  pipe  is  called.  There  arc  a 
number  of  forms  of  foot  piece  on  the  mar- 
ket, for  some  of  which  extravagant  claims  of 
efficiency  are  made :  but  as  wide  variations 
in   the  efficiency  are  due  to   slight  changes  in 
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TABLE    J. — EFFECT  OF   SUBMERGENCE  ON    EFFICIEN- 
CY   OF    AIR    LIFT    AT    HATTIESBURG,    MISS. 

Submergence  Efficiency, 

lift.  Per  cent. 

8.70  26.5 

546  310 

3-86  350 

2.91  36.6 

2.2s  377 

1.86  36.8 

1-45    34-5 

1.19    310 

.96    26.5 

Flow  about  1,100  gals,  per  min. 

Lift  about  Z7  ft. 
proportion  of  other  parts  of  the  system  or 
the  method  of  operation,  such  claims  are  to 
be  looked  on  askance,  unless  they  are  backed 
up  by  adequate  guarantees.  Tests  have  shown 
that  the  effect  of  a  change  in  foot  piece  may 
be  to  increase  the  efficiency-  as  much  as  50  per 
cent,  when  the  head  is  high,  with  a  much 
smaller  increase  when  the  head  is  low. 

The  efficiency  of  even  a  well  designed  air 
lift  is  low;  varying  from  20  per  cent  for  a 
lift  of  600  feet,  to  45  per  cent  for  a  lift  of 
50  ft. ;  and  is  greatly  influenced  by  the  ratio 
of  the  submergence  of  the  air  pipe  to  the  lift; 
the  best  ratio  being  about  2.  This  is  clearly 
shown  in  Table  I  giving  data  on  a  test  of  a 
well  at  Hattiesburg,  Miss.,  as  reported  in 
"Pumping  by  Compressed  Air,"  by  E.  M. 
Ivins.  In  this  test,  the  speed  of  the  air  com- 
pressor was  adjusted  so  as  to  keep  the  rate  of 
flow  of  water  constant,  while  the  length  of  the 
air  pipe  was  varied.  The  dimensions  of  the 
well  and  air  lift  were  as  follows: 

Total   depth   of   well,   ft 453-5 

Inside  diameter  of  casing,  ins 95^ 

Inside  diameter  of  air  pipe,  ins 2V2 

Inside  diameter  eduction   pipe,   ins 9^3 

Static    lift,    feet 4.0 

The  results  in  Table  I  show  that  the  maxi- 
mum efficiency  is  secured  when  the  submer- 
gence is  2.5  times  the  lift  and  that  the  effi- 
ciency falls  oflF  more  rapidly  for  a  reduction 
in  the  submergence  than  for  an  increase.  It 
is  a  good  plan  therefore  to  have  the  submer- 
gence more  than  that  calculated  for  the  best 
efficiency,  rather  than  less.  This  allows  for 
the  usual  occurrence,  viz.,  that  the  pumping 
lift  increases  as  more  wells  are  sunk  and  as 
the  well  is  pumped  more. 

i'revious   to   this   test  the   length   of   the   air 


TABLE   II. — RESULTS  OF   TESTS   TO  DETERMINE  BEST 

FLOW     FROM     DEEP      WELLS    AT      HATTIESBURG, 

MISS.,     WITH     AIR     LIFT. 

Length  of     Mow  Efficiency, 

air  pipe   (gal.  per  Lift  Per  Duty  (gals. 

(feet),  min.).  (feet),     cent,  perhp.-hr.) 

224  1,495  47-5  32.6  1,630 

208  1,459  45-8  315  1,640 

184  1,419  44-3  311  1.670 

162  1,359  39-4  300  1,790 

142  1,299  2)7 -7  30.6  1,920 

124  1,219  37-5  32.8  2,070 

105  1,106  37.1  36.7  2,340 

86  1,008  32.5  33.4  2,450 

79           904  29.3  31.3  2,530 

67           802  26.0  30.5  2,750 

43           690  21.2  29.8  3,240 

pipe  in  this  well  had  been  varied  with  a  view 
to  finding  out  the  best  flow  at  which  to  op- 
erate the  well.  The  important  data  are  given 
in    i'able  11. 

The  air  supply  was  apparently  adjusted  so 
as  to  get  the  best  efficiency  for  each  submer- 
gence. 

This  test  shows  an  anomalous  variation  of 
the  relation  of  lift  to  rate  of  flow;  which  is 
probably  due  to  the  coming  into  action  of  a 
second  water  bearing  stratum,  there  being  two 
cut  by  the  well,  when  the  level  of  the  water 
had  dropped  35  ft.  on  account  of  the  opera- 
tion of  the  lift. 

The  writer  believes  that  pump  duty,  water 
pumped  per  unit  of  energy  supply,  should  be 
made  the  criterion  of  operation  rather  than 
mechanical  efficiency.  He  has  therefore  cal- 
culated the  last  column.  This  shows  that  the 
test  was  not  carried  to  low  enough  submer- 
gence to  reach  maximum  duty.  The  duty  of 
this  lift  would  have  been  increased  42  per 
cent,  and  the  cost  of  pumping  reduced  that 
amount,  had  the  well  been  operated  at  a  flow 
of  700  gals,  per  minute  instead  of  1,100  gals, 
per  minute.  1  he  demand  for  water  might  not 
have  allowed  operation  at  this  rate  in  this 
case,  but  in  general  the  rate  of  pumping  should 
not  be  so  high  as  to  lower  the  water  level  in 
the  well  to  such  an  extent  as  to  seriously  de- 
crease the  dutv. 


The  Hudson  Coal  Co.  has  created  the  posi- 
tion of  Safety  Engineer.  Mr.  R.  Y.  Williams 
will  fill  the  position  and  will  devote  all  of  his 
time  to  the  prevention  of  accidents.  His  head- 
quarters  will   be   in    Scranton. 
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THE  AIR   LIF  T  FOR   COAL  MINES 

IIV    S,    \V.    SVMoNS.  ' 

I  III'  air-Iifl   pump  lias   found   its  cliicf   field 
in    inuiiiiipal    and    private    water-supply,    and  ^> 
there  are  many  large  coal  mines  using  it   for   ; 
such    purposes,      it    has    not    heen    used   exten-    f 
sively    for   shaft    unwatering  and   mine   drain     [■ 
age.    although    it    is    hetter    adapted    to    sudi    • 
work  under  certain  conditions  than  any  other 
method   of    pumi)ing. 

Of  the  many  air-lift  plants  in  operation, 
some  arc  working  at  a  better  economy  than 
would  he  possible  with  other  methods  of 
pumping.  .\s  the  matter  of  cost  of  operation 
is  one  that  can  be  determined  only  after 
knowing  all  the  working  conditions  of  a  given 
case,  economy  is  often  by  no  means  the  gov- 
erning consideration;  sometimes  reliability 
and  simplicity  are  of  even  greater  importance, 
and  it  is  in  such  cases  that  the  air-lift  method 
excels. 

For  shaft  unwatering.  the  ease  and  cheap- 
ness of  installation,  absence  of  moving  parts 
under  water,  ability  to  handle  acidulous  and 
foul  water  and  the  high  rate  of  discharge 
from  a  given  size  of  pipe  are  obvious  advan- 
tages peculiar  to  the  air  lift. 

For  mine-drainage  work,  the  great  simplic- 
ity of  the  S3'stem,  the  fact  that  any  number 
of  pumps  can  be  operated  from  one  compres- 
sor plant  and  the  absence  of  complicated 
mechanism  in  restricted  situations  under- 
ground are  its  chief  recommendations. 

A  special  case  of  mine  drainage  where  the 
air  lift  can  be  used  to  great  advantage  is  w^hen 
water  is  struck  at  a  low  level  a  Jong  distance 
from  the  main  pump  or  shaft — sometimes  a 
matter  of  a  mile  or  more.  Instead  of  laying 
long  and  expensive  pipe  lines,  it  is  often  both 
cheaper  and  more  satisfactory  to  install  an 
air  lift  b}'  putting  in  a  bore-hole  from  the  sur- 
face to  pass  through  the  workings  at  or  near 
the  low  point.  With  a  properly  designed  air- 
lift pump  it  is  easy  to  see  that  the  efficiency 
of  sucli  an  arrangement  would  be  considera- 
bly greater  than  the  forcing  of  the  water 
through  several  hundred  feet  of  pipe  to  the 
shaft.     Fig.   T   shows  the  arrangement  clearly. 

Just  such  a  case  was  that  of  the  Clinton 
Coal  Co.,  of  Clinton,  Ind.  In  this  instance 
water  had  broken  into  the  mine  about  4,000 
ft.   from  the  shaft  at  a  spot   i(xi  ft.   from  the 
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Fir..    I.    now     MINF.    WORKINGS     MAY    BE    DRAINED 
BY    AIR    LIFT. 

surface.  It  was  not  until  after  two  lines  of 
3-in.  pipe  had  been  laid  and  proved  inadequate 
that  resort  was  had  to  the  air  lift.  The  lift 
was  kept  in  operation  24  hr.  a  day  for  four 
months  before  the  water  was  sufficiently  re- 
duced to  resume  mining,  and  it  is  of  course 
still  in  operation  a  small  part  of  the  time. 

When  it  is  not  feasible  to  earn*  the  bore- 
hole below  the  level  of  the  workings  (which 
is  necessary  with  the  usual  type  of  air  lift  in 
order  to  provide  "submergence"),  what  is 
known  as  the  Jones  system  of  compressed  air 
pumping  may  be  employed.  This  comprises 
a  direct  acting  pump  operated  by  compressed 
air  and  working  in  conjunction  with  a  nor- 
mal air  lift.  The  pump  discharges  both  air 
and  water  into  a  closed  tank,  from  which  the 
exhaust  air  expels  the  water  through  an  or- 
dinary air-lift  pump.  The  function  of  the 
direct-acting  pump  is  to  put  a  "head"  on  the 
water  equivalent  to  that  obtained  by  the  sub- 
mergence which  would  be  necessary  for  a 
standard  air-lift  pump. 

Notwithstanding  the  length  of  time  during 
which  the  air-lift  system  has  been  in  commer- 
cial use  and  the  thousands  of  plants  in  suc- 
cessful operation,  it  is  still  considered  more 
or  less  fashionable  to  make  a  mystery  of  its 
operation.  This  condition  has  been  fostered 
to  a  great  extent  by  the  number  of  variable 
factors  entering  into  the  proposition,  makinjj 
it  difficult  to  derive  practical  working  form- 
ulas :  also  by  the  fact  that  manufacturers 
making  a  specialty  of  selling  and  installing 
these  systems  have  obtained  their  data  and  ex- 
perience at  considerable  expense  and  have 
consequently  been  unwilling  to  divulge  to  the 
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public  the  tables  used  when  making  calcula- 
tions. The  result  is  that  less  is  known  by  en- 
gineers in  general  about  the  proper  design 
and  requirements  for  an  air-lift  pump  than 
in  almost  any  other  branch  of  engineering 
practice. 

Since  the  actual  pumping  level  in  a  well  or 
a  mine  is  seldom  known  in  advance  of  a 
test,  it  is  customary  to  assume  certain  condi- 
tions of  lift,  quantity  and  submergence,  as  ex- 
perience dictates,  and  design  the  air-  and 
water-piping    accordingly. 

It  is  essential  that  both  the  air-  and  water- 
pipes  be  properly  proportioned  because  the  ve- 
locity of  flow  is  a  weighty  factor,  and  it  is 
here  that  experience  plaj-s  a  most  important 
part.  If  too  large  a  pipe  is  used  the  air  finds 
its  way  through  it  without  doing  work.  If 
too  small  a  pipe  is  employed  there  will  be 
excessive  friction  and  inefficient  expansion  of 
the  air  bubbles. 

LATEST     PF.VKLO'.'MKXTS     IN     AIR-LIFT     PRACTICE. 

Engineers  specializing  on  air-lift  work  have 
learned  much  in  the  last  few  years.  The  pro- 
portioning of  lift  to  submergence,  thorough 
breaking  up  of  the  air,  correct  sizes  of  pipes, 
long  sweeping  bends  and  tees  and  umbrella 
discharge  pieces  to  allow  the  water  to  flow 
along  natural  lines  with  the  minimum  of  fric- 
tion are  all  conducive  to  higher  efficiency,  bet- 
ter economy  and  a  greater  yield  from  a  given 
source  of  supply.  Along  with  these  minor  im- 
provements have  come  two  which  are  of  real 
importance :  One  is  known  as  the  "booster," 
and  the  other,  which  is  of  particular  interest 
to  mine  operators,  is  the  "compound''  air  lift. 

The  booster.  Fig.  2.  is  intended  primarily 
for  forcing  the  water,  after  it  has  left  the 
regular  air  lift,  through  a  horizontal  or  slop- 
ing length  of  pipe  to  its  final  destination.  The 
air  lift  is  economical  only  when  lifting  the 
water  in  a  vertical  direction,  and  if  it  is  to  be 
conveyed  some  distance  horizontally  from  the 
source  of  supply  it  is  necessary  to  either  lift 
it  high  enough  to  allow  it  to  flow  to  its  final 
destination  by  gravity  or  to  install  some  sup- 
plementary means,  such  as  the  booster,  to 
convey  it  after  it  is  discharged  by  the  air- 
lift pump. 

The  booster  simply  consists  of  a  closed 
tank  into  which  the  air  lift  discharges.  The 
air  and  water  separate  in  this  tank,  there  be- 
ing sufficient  pressure  on  the  air  to  force  the 


FIG.   2.   THE     BOOSTER     TO     DELIVER     WATER     HORI- 
ZONTALLY. 

water  from  the  Ijottom  of  the  tank  to  its  des- 
tination. The  air  escapes  constantly  from  the 
top  of  the  tank  through  a  restricted  opening 
which  maintains  the  necessary  pressure  to 
eject  the  water.  The  air  discharged  is  usually 
piped  back  to  the  compressor.  The  device  is 
extremely  simple  and  forms  practically  a  part 
of  the  air-lift  pump. 

The  compound  air  lift  is  a  recent  applica- 
tion of  this  system  to  mine  drainage.  Here  a 
series  of  short  lifts  requiring  low  air  pres- 
sure are  installed  in  the  shaft.  Each  lift  is 
arranged  to  discharge  into  a  tank  from  which 
the  next  lift  takes  its  supply.  The  lifts  are 
low,  II  ft.  ijeing  considered  the  most  advan- 
tageous, since  it  requires  the  very  low  air 
pressure  of  5  lb.,  which  pressure  can  readily 
be  obtained  from  centrifugal  compressors  op- 
erated  by   exhaust   steam   turbines. 

Since  there  is  usually  a  vast  quantity  of 
exhaust  steam  going  to  waste  around  the  av- 
erage coal  mine,  this  form  of  pump  should 
prove  both  economical  and  efficient.  Also, 
since  the  whole  system  is  designed  for  only  a 
5-II).  .pressure   the   pipinj^:.   etc..   can   l)e  corres- 
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poiulingly  liplit  aiul  clicap ;  woocl-stavc  |)ii)cs 
can  readily  l>c  used.  The  exhaust  air  from 
the  system  should  he  of  coiisiderahlc  aid  to 
ventihitiou  as  it  would  maintain  a  strong  cur- 
r^Mit  ni  air  up  througli  the  shaft.  In  the  event 
of  a  tlood  the  cotnprrssor  wouhl  simply  have 
to  he  started  up  and  the  units  above  water 
level  would  commence  discharging,  those  be- 
low coming  into  action  as  the  water  receded. 
This  system  has  scarcely  passed  the  experi- 
mental   stage,    hut   offers   great   possibilities. 

Ill  mines  c(iuipped  with  compressed  air  for 
other  uses  an  air-lift  pump  can  generally  be 
used  to  advantage.  In  mines  where  no  air  is 
at  hand  the  air  lift  has  to  stand  its  chance 
against  other  methods  of  pumping,  and  only 
a  full  knowledge  of  conditions  and  good  en- 
gineering can  decide  between  tlie  two. 


AIR  DRIVEN  DRILLS  IN  COAL  MINES* 

The  makers  of  power-driven  drills  have 
been  many  years  in  fitting  them  for  use  in 
coal  mines.  The  mechanical  drill  was  first  in- 
vented to  work  where  speed,  not  cost,  was  the 
main  consideration ;  namely,  at  the  Mont 
Cenis  tunnel  between  Switzerland  and  Italy. 
If  the  work  on  that  tunnel  had  not  been  hur- 
ried, the  interest  and  running  costs  would 
have  been  prohibitive,  and  something  was 
wanted  which  would  drill  hard  rock  and  drill 
it  quickly.  It  mattered  little  if  it  was  a  heavy 
machine,  for  a  number  of  holes  had  to  be 
drilled  at  one  time  and  on  one  line  of  entry. 

DRILLING    SHOTHOLKS    IN    COAL   OR    SLATE. 

But  the  coal  problem  is  different.  The  coal 
can  be  drilled  quite  readily  by  hand,  and  only 
a  few  holes  are  necessary  to  shoot  it  down. 
So  the  main  need  is  for  an  easily  transporta- 
ble drill  not  needing  a  truck  to  move  it.  which 
can  be  handled  without  a  scaffold,  a  car  or  a 
drilling  column,  and  capable  of  being  operated 
in  the  narrowest  of  places  or  with  the  opera- 
tor perched  on  a  ladder.  It  must  be  available 
without  any  previous  preparation  for  its  use, 
except  the  connection  with  a  pipe  line  such 
as  is  always  in  place  when  an  ordinary  coal 
puncher  is  in  use. 

And  that  kind  of  a  drill  has  been  long  in 
appearing.  Xow  that  it  has  come  it  is  quite 
likely    to    displace    the    old    hand-drilling   out- 
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fit.  except  perhaps  where  it  is  possible  to  link 
holes  with  a  breast  auxer.  There  i»  much 
trouble  in  drillinfj^  a  hole  in  hard  or  sulphury 
coal,  in  slate  or  in  clay.  The  preliminary 
sinking  of  a  hole  in  floor  and  roof,  the  bring- 
ing up  of  a  heavy  extensible  rlrilling  post, 
placing  it  in  position  and  then  drilling,  often 
in  cramped  quarters,  takes  much  time  and  in- 
volves much  labor.  The  work  is  by  no  means 
simple,  even  though   it  is  done  by  hand. 

W  ith  a  40-lb.  Jackhamer  drill  there  are  no 
delays  except  to  bring  up  the  drill,  connect 
it  to  the  airline  and  hold  it  to  the  work.  In 
even  sulphury  coal  it  will  advance  a  foot  in  a 
minute,  and  so  save  time  and  the  hardest  kind 
of  labor.  The  frequent  trips  to  the  black- 
smith's shop,  the  broken  drills,  the  uncertain- 
ties in  coal  production,  the  general  discontent 
which  prevail  in  a  camp  with  hard  coal,  are 
all  avoided.  So  little  is  known  about  the  time 
expended  on  the  various  elements  of  coal 
mining  that  most  operators  are  unable  to  tell 
what  the  items  of  drilling  cost.  Drilling  cer- 
tainly is  no  negligible  item  anywhere,  and  in 
some  coals  it  is  one  of  the  most  distressing. 

T.  P>.  Youiig  states  that  when  he  was  mine 
superintendent  at  Aladdin,  Armstrong  coun- 
ty. Penn.,  he  found  he  could  drill  a  4-ft.  hole 
with  a  Jackhamer  quicker  than  he  could  set 
up  a  post  drill  to  do  the  work.  One  man 
with  a  Jackhamer  would  do  more  than  two 
men  with  a  post  drill. 

Those  who  are  using  the  Jackhamer  find, 
moreover,  that  it  can  be  used  everywhere.  It 
has  been  found  valuable  in  the  sinking  of 
holes  for  trolley  hangers,  for  which  it  is  not 
too  heavy.  But  if  it  is  light  enough  for  coal 
it  is  nevertheles  heavy  enough  for  drilling 
limestone.  One  man  in  lifting  bottom  in  this 
material  averaged  40  (t.  per  shift  and  drilled 
i^j-in.  holes.  This  was  at  the  mine  of  S.  M. 
Hamilton  &  Co.,  at  Wellscreek,  Penn.  An- 
other man  working  for  the  Rockhill  Iron  & 
Coal  Co.  says  he  can  bore  a  6- ft.  hole  in  solid 
limestone  in  22  min.  and  can  drill  a  hole  of 
that  depth   without  cleaning. 

A    TROSPtXT    HOLE    IN    RcKK    ^O    FT.    DEEP. 

In  December  of  1914.  at  the  Staunton  col- 
liery of  the  Harleigh-Brookwood  Coal  Co., 
near  Mahanoy  Plane,  a  tunnel  was  driven  by 
the  Portland  Contracting  Co..  and  the  con- 
tractors desired  to  know  how  near  they  were 
to  some  old  works  and  if  they  contained  wat- 
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ter.  M.  C.  Reed,  in  describing  the  method  of 
exploration,  sajs : 

"Having  no  prospecting  drill  we  decided  to 
drive  the  hole  with  a  Jackhamer,  using  four 
pieces  of  steel.  3.  6.  9  and  12  ft.  long,  sharp- 
ened to  a  2-in.  gage.  After  drilling  12  ft. 
with  this  set  of  steels  we  welded  a  bit  into  a 
2-ft.  length  of  i-in.  pipe  and  a  shank  into  an- 
other pipe.  Then  with  extra  heavy  couplings 
we  connected  these  to  a  lo-ft.  length  of  the 
same  size  of  pipe  and  drilled  the  additional  2 
it.  without  finding  the  old  workings. 

"Being  so  successful  with  this  innovation 
we  had  the  bit  re-sharpened  and  added  an- 
other 2-ft.  section  of  pipe  and  proceeded  to 
drill  again.  We  continued  in  this  manner,  re- 
sharpening  the  bit  and  adding  2-ft.  sections  of 
pipe,  until  we  found  the  old  workings  at  a 
distance  of   30   ft. 

"The  hole  was  drilled  through  a  hard  slate 
formation  on  about  a  6  deg.  pitch,  and  the 
Jackhamer  rotated  the  steel  perfectly  until 
the  hole  was  finished.  It  would  be  interesting 
to  know  how  far  we  could  have  drilled,  be- 
cause the  way  the  outfit  w^as  working  when 
the  hole  was  finished  makes  us  feel  we  could 
have  gone  several  feet  further.  However  the 
size  of  the  hole  would  soon  have  stopped  us 
because  of  the  size  of  the  extra-heavy  coup- 
lings. The  diameter  of  our  bit  was  about  1^ 
in.  when  the  hole  was  finished." 

Mr.  Reed  says  he  is  drilling  12-ft.  holes 
every  day  with  the  Jackhamer  drill  and  is 
experiencing  no  difficulty  in  so  doing.  A  pro- 
specting drill  costing  about  $750  would  have 
done  the  work,  it  is  true,  but  the  flexibility  of 
the  Jackhamer  is  most  convincingly  proved  by 
this  work,  for  which,  of  course,  it  was  never 
projected.  , 

TUNNELS    DRIVEN    ONLY    30-IN.    SQUARE    SECTION. 

To  show  the  varied  work  to  which  the  Jack- 
hamer is  adapted  that  done  at  Pax,  W.  Va., 
and  cited  bj'  John  Lindley.  of  the  New  River 
&  Pocahontas  Consolidated  Coal  Co.,  may  be 
quoted : 

"We  have  driven  11,460  ft.  of  narrow  entry, 
including  7,868  ft.  of  lo-ft.  entry,  3,292  ft.  of 
12-ft.  entry  and  300  ft.  of  22-ft.  entry.  The 
slate  in  these  roadways  ran  from  i  ft.  to  18 
ft.  in  thickness  and  averaged  about  6  ft.  Four 
overcasts  were  constructed,  three  of  which 
have  a  cross-sectional  area  of  76  sq.  ft.  and 
the  fourth  of  104  sq.  ft. 

"Two  waterway   tunnels  were   driven,   each 


50  ft.  long  and  2;/4  ft.  square.  Such  a  small 
opening  could  not  have  been  driven  with  any 
other  drill  and  is  quite  unusual,  but  we  desired 
to  drive  a  tunnel  of  minimum  dimensions.  A 
ditch  was  constructed  125  ft.  long,  18  in.  wide 
and  3  ft.  deep  and  another  50  ft.  long  and  18 
in.  deep,  also  with  the  help  of  the  Jackhamer. 
The  excavation  in  solid  rock  of  a  pump  room 
9x12x18  ft.  has  just  been  completed  with  the 
aid  of  the  same  handy  tool. 

"Our  shaft  is  concrete-lined  and  very  wet. 
We  desired  to  make  water  rings  in  the  solid 
concrete  to  drain  the  water  to  the  sump  by 
means  of  pipes.  To  do  this  wc  tapped  our  air 
line  at  the  surface  and  swung  a  hose  line 
down  the  shaft.  We  then  took  a  Jackhamer 
drill,  and  working  from  the  cage,  drilled  holes 
4  in.  deep  in  the  sides  of  the  walls,  sloping 
downward  and  as  near  together  as  possible. 
Afterward  we  smoothed  and  pointed  the  work 
with  hand  drill  and  hammer  so  as  to  make  a 
continuous  ring  trough  around  the  shaft. 

"In  this  manner  we  constructed  three  rings 
which  carry  the  water  to  one  end  of  the  shaft 
from  whence  it  is  piped  to  a  reservoir  (also 
made  by  a  Jackhamer)  and  pumped  to  another 
reservoir  on  the  top  of  the  hill.  The  water 
being  pure  it  is  used  for  the  supply  of  the 
camp.  Our  best  drilling  with  these  Jackham- 
ers  was  one  6-ft.  hole  in  slate  in  8  min.  and 
six  6-ft.  holes  in  coal  in  24  min.  The  driller 
in  making  these  results  did  not  know  he  was 
being  timed.  He  said  he  had  drilled  a  slate 
hole  6  ft.  deep  in  5  min.  when  he  was  putting 
forth  his  best  efforts.  We  are  averaging  200 
ft.  of  drilling  per  shift  with  two  Jackhamers 
and  four  men.  These  men  move  from  place 
to  place  and  lay  their  own  pipe  lines. 

"It  is  impossible  to  tell  all  the  different  po- 
sitions and  places  in  which  we  have  used  Jack- 
hamer drills.  We  worked  from  small  trestles 
of  2x4-in.  lumber  built  up  6  to  15  ft.  above  the 
ground,  supports  which  would  have  been 
wholly  inadequate  for  the  columns  of  other 
makes  of  drills.  Since  we  started  using  the 
drills,  the  cost  of  upkeep  has  been  compara- 
tively small,  not  over  $100  including  a  new 
set  of  bits,  six  extra  12-in.  bits  and  one  extra 
36-in.  bit." 

ONE    HAND-DRILLED    HOLE    COSTS    AS    MUCH    AS   43 
BY     MACHINE. 

At  the  Edgewater  Mine,  Ensley,  Ala.,  the 
compressor  recently  broke  down  and  the 
Jackhamer  was  put  out  of  commission  in  con- 
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sequence.  Two  men  were  put  to  drill  a  hole 
by  hammer  and  steel.  In  three  hours  it  was 
comi)lcled.  Ihe  romhined  wages  of  the  men 
was  50c.  prr  hour,  >«>  the  hole  cost  $1.50.  As 
soon  as  the  compressor  was  runnin>.c  tlu-  same 
amount  of  work  was  done  in  7  min.  with  a 
wage  charge  of  30c.  per  hour.  So  the  hole  as 
made  by  tlic  Jackhamer  cost  only  3' jC.  That 
same  jackhamiT  ran  two  years  without  a  cent 
of   repairs. 

At  a  mine  in  eeiitral  West  Virginia  a  Jack- 
hamer was  used  to  drive  through  a  "want" 
where  the  coal  was  replaced  by  white  sand- 
stone of  an  extremely  llinty  character.  The 
heading  measured  6xJo  ft.  The  cost  of  driv- 
ing the  roadway  without  the  drill  was  about 
$40  per  yard;    with  it,  it  was  driven  for  $_'J. 

At  the  Black  Joe  mine  in  Kentucky,  the 
trolley-wire  hanger  holes  were  put  in  by  two 
men  with  a  hammer  and  steel.  In  a  whole 
day  they  put  in  9  or  10  holes  from  4  to  6 
in.  deep.  One  man  with  the  Jackhamer  can 
drill  9  or  10  holes  in  10  or  15  min.  At  the 
same  place  a  coal  hole  5  ft.  deep  has  been 
driven  in  2  min. 

R.  G.  Johnson,  of  the  Dravo  Contracting 
Co.,  states  that  largely  by  the  help  of  three 
Jackhamers  he  sunk  a  350-ft.  shaft  and  lined 
it  with  concrete  and  put  in  a  steel  ladderway. 
His  repair  IhII  on  the  hammers  was  only 
$ij.42.  In  establishing  this  record  during  the 
month  of  May  the  shaft  was  sunk  126  ft.  and 
lined  completely. 


DRAINING  A  SWAMP  BY  AIR  LIFT 

At  the  American  mine,  Diorite,  Mich.,  T.  R. 
Thompson,  manager  and  part  owner,  has  de- 
vised a  novel  method  for  removing  the  water 
from  a  large  swamp  which  lies  above  some  of 
the  mine's  ore  deposits.  The  swamp  is  about 
2  miles  in  length  and  i  mile  in  width,  con- 
taining a  great  deal  of  water,  and  it  was  fear- 
ed that  if  it  ever  came  into  the  workings  in 
large  quantities  it  would  cause  trouble.  To 
get  rid  of  the  water  was  considered  quite  a 
problem,  but  Mr.  Thompson  did  some  figur- 
ing and  believed  that  he  could  solve  it.  He 
had  a  diamond-drill  company  put  down  sev- 
eral holes  in  the  swamp,  to  find  how  close  the 
ledge  was  to  the  surface,  which  would  give 
some  idea  of  the  amount  of  water  that  the 
swamp  held.    The  drills  showed  that  the  ledge 


varied    from   al>out    70   to    125    ft    Jxriow   the 
surface.     On  the  top  there  was  about   10  ft. 
of    black    muck,    with   quick^^and   and    gravel 
below.    The  diamond  drill  firm  was  aiked  to 
put  <lown   several  8-inch  holes  to  the  ((ravel. 
but    itf   engineer    stated   that   the   task   would 
be  too  great,  as  the  quicksand  would  cause 
difJiculties.      Mr.    Thompson    then    underto-^k 
the  work  himself,  putting  down  the  first  pii»e 
a   distance  of   76   ft.   in   three  days  after  the 
tripod    was    rigged    up.      The    pipe    was    not 
tfjuched    with    a    hammer.      It    was    sunk    by 
turning,  and,   with  an  auxiliary  pipe,   forcing 
air  down  the  inside  at  the  same  time.     When 
the  pipe  was  l)ottomed   in  the  gravel  the  air 
caused    the    water    to    shoot    to    the    surface. 
This   pipe   is  now   producing  about   1,000  gal. 
per    min.      Since    that    time    five    more    pipes 
iiave  been  put  down,   some  of  them  reaching 
a  depth  of  over  a  100  ft.    One  went  through 
the  gravel,  being  put  down  deeper  than  any 
of  the  others,  and  no   water  is  now  flowing 
from    it.     An   attempt   was   made   to   blast   it 
off  higher  up,   but   without   success.     One  of 
the   other   pipes    is   also    inactive.     The    four 
that    are    now    working    are    sending    about 
5.000  gal.  per  min.  to   the   surface.     Two  of 
the  pipes  are   10  in.  in  diameter,  but  they  Jo 
not    give    any    better    results    than    the    8-in. 
pipes.    This  system  of  air-lift  has  lowered  the 
water  level   in   that  huge   swamp   over  20  ft. 
during   the    short    time    that    it    has    been    in 
operation.     When   most  of   the   water   is  out. 
a  drift  will  be  extended  from  the  140-ft.  level 
of  the  mine  and  a  3.500-gal.  centrifugal  pump 
installed   to   care   for  any  water   that  comes 
into    the    swamp    later    on.      The    method    is 
very   cheap,   as    the   pipes   need   no    attention 
after   they   get   in    operation.     Some    idea   of 
the   force  of  the   water  can   be  gained   from 
the  fact  that  granite  rocks  weighing  as  much 
as  SH  lb.  were  brought  to  the  surface  through 
one   of   the   pipes.     The   water   coming   from 
below    runs    into   a   ditch   that   was   made   by 
using    dynamite    and    forms    quite    a    sizable 
stream. — Euq.   and   Min.   Journal. 


As  a  memorial  to  the  late  Dr.  Joseph  A. 
Holmes,  director  of  the  Bureau  of  Mines,  of 
the  Department  of  the  Interior,  the  Colorado 
School  of  Mines  has  established  the  Joseph 
A.  Holmes  Professorship  of  Safet>'  and  Eflfi- 
ciency    Engmeering. 
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THEORY  OF    TWO-STAGE  VACUUM 
PUMPING 

BY    R.     S.     HOWARD. 

It  has  been  the  custom  of  some  builders 
of  dry-vacuum  pumps  to  emplo}'  a  two-stage 
unit  with  the  seemingly  peculiar  feature  of 
having  the  two  cylinders  the  same  size.  At 
first  thought  there  would  appear  to  be  no 
good  reason  for  this,  any  more  than  for  mak- 
ing a  compound  steam  engine  with  the  low- 
pressure  cylinder  the  same  size  as  the  high- 
pressure.  In  the  case  of  the  steam  engine  it 
is  difficult  to  see  how  any  compounding  could 
be  accomplished  with  such  an  arrangement, 
and  in  the  case  of  an  air  compressor  (which 
is  just  what  a  dry-vacuum  pump  is)  it  would 
at  first  appear  equally  ineffective. 

In  the  compound  vacuum  pump  the  effect 
of  the  cylinder  clearance  is  so  marked  that 
this  feature  alone  serves  to  create  an  actual 
effective  cylinder  ratio  greater  than  unity, 
even  with  equal  cylinder  sizes,  resulting  in 
an  actual  compound  compression  (or  ex- 
haustion) the  sole  object  of  which  is  to  in- 
crease the  volumetric  efficiency,  or  air  output. 

It  is  well  appreciated  that  any  cylinder 
must  have  a  certain  amount  of  clearance 
volume,  or  dead  space  through  which  the 
piston  does  not  travel.  This  is  made  up  of 
the  necessary  clearance  between  piston  and 
cylinder  head,  which  is  made  as  small  as  is 
consistent  with  safety,  and  also  the  cavities 
and  ports  leading  to  inlet  and  discharge 
valves.  The  effect  of  this  waste  space  is  to 
trap  some  of  the  air  as  it  is  compressed,  in- 
stead of  allowing  it  to  escape  through  the  dis- 
charge valves.  Then  on  the  return,  or  suc- 
tion, stroke  of  the  piston  this  trapped  air 
re-expands,  helping  to  move  the  piston,  it  is 
true,  but  also  helping  to  occupy  space  which 
should  be  taken  up  by  incoming  air.  What- 
ever clearance  air  is  thus  allowed  to  expand 
keeps  out  just  that  much  new  air  and  so  cuts 
down  the  intake  and  output  of  the  pump.  The 
greater  the  compression,  the  greater  the 
amount  of  air  that  will  be  squeezed  into  this 
clearance  space  and  the  greater  the  amount 
of  re-expansion  on  suction  strokes  to  keep 
out  the  incoming  air.  Therefore,  as  the  num- 
ber of  compressions  increases,  the  less  will 
be  the  relative  amount  of  air  delivered  by  the 
pump,  and  as  the  compressions  increase  rapid- 
ly with  higher  vacuum  (26-in.  vacuum  is 
about  7^  compressions,  28-in.  vacuum  is  15H 


compressions,  while  29-in.  vacuum  is  nearly 
33  compressions),  it  follows  that  the  volu- 
metric efficiency  of  the  cylinder  decreases 
rapidly  as  the  vacuum  becomes  higher. 

Now,  consider  a  compound  vacuum  pump 
that  has  a  cylinder  ratio  of  2  to  i ;  that  is,  the 
low-pressure  cylinder  has  twice  the  piston 
displacement  volume  of  the  high-pressure.  It 
is  evident  that,  clearance  effects  neglected, 
the  low-pressure  cylinder  will  deliver  air  to 
the  high-pressure  cylinder  at  some  pressure 
intermediate  betwen  that  of  the  vacuum  from 
which  it  is  pumping  and  the  atmosphere  or 
final-discharge  pressure.  As  a  matter  of  fact, 
with  a  cylinder  ratio  of  2  the  intermediate 
pressure  will  be  somewhere  arwmd  2%  time.s 
the  absolute  vacuum  pressure,  depending  upon 
the  amount  of  radiation  surface  provided  be- 
tween cylinders.  If  there  is  an  intcrcooler 
between  and  the  air  is  cooled  back  to  th<^ 
initial  intake  temperature,  the  absolute  in- 
termediate pressure  will  be  twice  the  absolute 
vacuum  pressufe    (Ratio   X   initial  pressure). 

The  effect  of  this  intermediate  pressure  is 
to  divide  up  the  total  number  of  compres- 
sions between  the  two  cylinders,  so  that  the 
low-pressure  cylinder  will  be  pumping 
through  a  much  smaller  range.  Thus,  as- 
sume a  vacuum  pressure  of  1.5  lb.  absolute, 
with  a  cylinder  ratio  of  2.  giving  an  inter- 
mediate pressure  of  about  2%  X  i-5  =  33^ 
lb.  absolute.  Then  the  number  of  compres- 
sions   in    the    low-pressure    cylinder    will    be 

3.38 

^  2.25 ;   whereas,  with  only  single-stage 


r-S 


pumping   the    compressions    would   have   been 

14.7 

=r   9.8.      From   the    foregoing   regardin;;- 

1-5 

the  effect  of  clearance  it  follows  that  much 
less  air  will  be  trapped  in  the  clearance  space 
with  only  2%  compressions  than  with  g.8. 
rience.  the  volumetric  efficiency  of  the  com- 
pound machine  will  be  much  higher  than  that 
of  the  single-stage. 

If,  instead  of  having  a  cylinder  ratio  of 
2  to  I,  we  reduce  it  to  1.5  to  i,  the  inter- 
mediate pressure  will  be  that  much  lowr, 
the  low-pressure  compressions  will  be  re- 
duced, the  clearance  effect  will  be  less  and 
the  machine  will  deliver  more  air.  This 
process  may  be  continued  until  finally  the 
two   cylinders   become   the    same    size,   or   th<z 
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SINGLE-STACF.     AND     TWO-STAGE    VACUUM     I'U.MriNG. 


cylinder  ratio  becomes  unity.  Here  it  would 
seem  the  effect  would  become  lost,  because 
there  would  appear  to  be  no  intermediate 
pressure.  This  is  where  the  clearance  volume 
has  a  marked  effect.  Tt  wmII  be  noted  that 
if  pumping  from  a  given  vacuum,  say  1.5  lb. 
absolute,    the    total    number    of    compressions 

147 
will  be  =  9.8,   we  accomplish   2^4   com- 

1-5 
pressions    in    the    low-pressure    cylinder,    the 
high-pressure  CN'linder  must   furnish  the   rest, 
9.8 

or  =  4.36.     Again,   with   the   same   vac- 

2.25  . 
num.  if  we  accomplish  1.5  of  the  compressions 
in    the    low-pressure    cylinder    wc    must    have 
9-8 
=z  6.54  compressions  in  the  high-pressure 

1-5 
cylinder.     As  the  number  of  compressions  in 
the    low-pressure   cylinder    decreases,    that   in 
the    high    must    increase    to    make    up    for    it 


The  effect  of  decreasing  the  compressions  in 
the  low-pressure  cylinder,  we  have  seen,  will 
increase  its  volumetric  efficiency  due  to  re- 
duced clearance  loss,  so  that  the  accompanying 
effect  of  increasing  the  number  of  compres- 
sions in  the  high-pressure  cylinder  will  de- 
crease its  own  volumetric  efficiency  due  to 
its  own  clearance  effect.  The  result  of  this 
is  that  the  lower  the  cylinder  ratio  the  more 
air  the  low-pressure  cylinder  will  pump  and 
tlie  less  air  (cubic  feet)  the  high-pressure 
cylinder  will  pump.  This  at  once  causes  the 
low-pressure  cylinder  to  build  up  an  inter- 
mediate pressure  higher  than  would  result 
from  the  piston-displacement  volume  ratio 
only,  so  that  even  when  the  piston-displace- 
ment volumes  of  tiie  two  cylinders  are  iden- 
tical there  is  an  actual  intermediate  pres- 
sure and  the  machine  is  a  true  compound 
pump  of  greater  output  than  a  single-stage 
pun>p  of  the  same  size. 

In    the    accompanying    illustration    will    he 
found   a   set   of   diagrams   which   should   help 
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to  make  the  conditions  clear.  First,  consider 
a  single-stage  pump.  Let  the  initial  pressure 
of  the  vacuum  be  0.25  lb.  per  sq.in.  absolute, 
and  discharging  at  atmosphere,  of  course. 
The  indicator  diagram  would  look  something- 
like  the  figure  ABGHK.  The  amount  of  air 
handled  per  stroke  would  be  represented  by 
length  AK,  if  AM  represents  the  full  stroke 
of  the  piston.  The  diagram  shows  the  intake 
air  (and  the  delivery)  to  be  50  per  cent,  of 
the  piston  displacement,  the  curve  line  HK 
(dotted)  shows  the  reexpansion  of  the  air 
trapped  in  the  clearance  space. 

Instead  of  a  single  cylinder,  let  the  machine 
be  provided  with  two  (compound)  cylinders 
in  series,  each  of  which  has  the  same  displace- 
ment, namely,  lenth  AM.  After  operation  for 
a  few  strokes  the  respective  volumes  and 
pressures  will  have  adjusted  themselves  to 
the  conditions  shown  by  the  two  indicator 
diagrams  ABCD  and  CPEB,  the  former  being 
the  first-stage,  or  low-pressure,  diagram  and 
the  latter  the  second-stage,  or  high-pressure. 
With  this  set  of  conditions  it  will  be  seen 
that  the  creation  of  an  intermediate  pressure 
EC  of  0.40  lb.  absolute  produced  a  reexpan- 
sion curve  CD,  in  the  low-pressure  diagram, 
indicating  an  air  intake  of  length  AD,  or  96 
per  cent,  of  AM  the  whole  cylinder  volume, 
instead  of  only  AK,  or  50  per  cent,  of  cylinder 
volume  shown  before.  The  intermediate  pres- 
sure is  a  direct  result  of  the  lesser  volumetric 
efficiency  of  the  high-pressure  cylinder,  which 
itself  results  from  the  greater  number  of 
compressions  in  that  cylinder,  reexpanding 
from  the  clearance  volume. 

If  there  is  no  intercooling  of  the  air  dis- 
charged from  the  first  cylinder  before  it  en- 
ters the  second  cylinder,  the  length  of  low- 
pressure  dicharge  line  EC  must  represent  the 
volume  taken  into  the  high-pressure  cylinder, 
shown  to  be  60  per  cent,  of  the  piston  dis- 
placement of  that  cylinder.  The  line  EB  rep- 
resents the  curve  of  greater  reexpansion  from 
the  clearance  of  the  high-pressure  cylinder, 
due  to  the  greater  number  of  compressions 
or  greater  range  of  compres.sion  in  that  cylin- 
der. 

WILL     IT     PAY     FOR     THE     ADDITIONAL     COST? 

Of  course  these  relative  volumes  and  pres- 
sures in  any  given  machine  would  depend 
upon  the  construction,  clearance,  degree  of 
cooling,  etc..  of  that  particular  machine.  These 


values  have  been  chosen  to  show  in  a  rather 
exaggerated  manner  just  how  the  actual  com- 
pounding is  brought  about  with  equal  cylinder 
sizes  in  series  and  to  show  the  resulting  in- 
crease in  volumetric  efficiency  thus  obtained. 
The  question  as  to  whether  the  results  are 
worth  the  extra  expense  of  the  double  con- 
struction is  a  matter  to  be  decided  by  the 
purchaser.  Some  of  the  modern  high-speed 
vacuum  pumps  of  single-stage  construction 
are  giving  such  good  results  relative  to  their 
initial  cost  that  the  respective  merits  of  dif- 
ferent makes  should  be  carefully  considered 
before  purchasing  an}'  particular  style. — 
Pozi'cr. 


TALC  AND  SOAPSTONE 

The  United  States  produces  more  talc  and 
soapstone  than  all  the  rest  of  the  world  com- 
bined. Moreover,  according  to  J.  S.  Diller,  of 
the  United  States  Geological  Survey,  our 
production  has  nearly  doubled  in  the  last  dec- 
ade, increasing  from  91.185  short  tons,  val- 
ued at  $9-10731,  in  1904  to  172,296  short  tons, 
valued  at  $1,865,087,  in  1914.  Of  talc  alone  the 
LTnited  States  produced  151,088  tons,  and  of 
soapstone  21,208  tons. 

Talc  is  a  simple  mineral  of  which  soapstone 
is  an  impure  massive  form.  Few  people  are 
aware  how  much  we  owe  to  talc  and  soap- 
stone.  It  is  one  of  the  softest  of  minerals.  It 
is  so  smooth  and  slippery  that  it  has  become 
a  great  panacea  for  friction  in  many  branches 
of  human  industry. 

There  are  nine  States  producing  this  useful 
mineral.  New  York  continues  to  be  the  lead- 
ing producer,  yielding  more  than  57  per  cent, 
of  the  total  production  of  talc  in  the  United 
States  and  far  outranking  all  other  States  ex- 
cepting Vermont,  which  has  in  recent  years 
so  greatly  increased  its  production  that  in 
1914  its  output  was  about  three-fourths  that  of 
New  York.  Of  soapstone,  Virginia  holds  the 
greatest  supply,  and  backed  up  by  Vermont  it 
meets  the  great  demand  for  washtubs,  sinks, 
and  fireless  cookers. 

Talc  is  used  in  making  talcum  toilet  powder, 
the  tailor  uses  it  to  chalk  fabrics  for  new 
suits,  and  talc  "slate  pencils"  and  crayons  have 
enabled  many  scholars  to  solve  knotty  prob- 
lems. Talc  bleaches  our  cotton  cloth,  and  in 
paints  we  see  it  everywhere,  but  its  chief  usc 
is  as  a  filler  in  paper  of  many  kinds,  from 
roofing  to  newspaper. 
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\\\h  of  course  could  not  last  in  thcKr  days 
aii'i  tluTc  is  now  a  pneumatic  tic  peeler  with 
which  any  ordinary  ialx>rer,  at  lalmrers 
wuKfs.  will  thoroughly  peel  150  to  joo  tie% 
per  day.  The  device  employed  is  an  Imperial 
inicittnatic    hammer    in    cot;  ' 

imperial  tic  peeling  to<jl.  i 
the  rest  of  the  stor>'.  Fig.  I  shows  the  actual 
peeling  of  a  strip  of  hark  and  Fig.  j  is  a  view 
of  a  complete  tie  peeling  outfit  in  a  railroad 
yard.  The  light  portahle  compressor  outfit 
comprises  an  Imperial  vertical  single-acting 
comi)rcssor  driven  hy  a  '  «•.  with 

air    receiver    and    all    H'  :ng    ap- 

pr(x\imately  $300.  The  Imperial  hammer  u*cd 
can  also  he  used  for  chipping,  calking  and 
general  repair  work  hy  the  insertion  of  the 
appropriate  tools  in  place  of  the  peeler. 


^w^i^^r^TTJ 
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FIG.    2.   COMPLETE 

THE  PNEUiMATIC  TIE  PEELER 

Railroad  ties  arc  tlattcd  on  two  faces  to  a 
standard  thickness,  but  to  greatly  prolong  the 
life  of  the  ties  it  is  found  necessary  to  peel 
the  hark  from  the  other  sides.  This  has  here- 
tofore been  a  laborious  and  costly  operation. 
The  average  peeler  will  do*  from  40  to  bo  per 
<lay.  receiving  wages  considerably  above  these 
of  a  common  laborer.  When  piece  work  is 
lhe  rule  the  prevailing  price  is  5  cents  per 
tie. 


TIE   PEELING   OUTFIT. 

A  CODE  OF  RULES  FOR  METAL  MINES 

A  publication  oi  considerable  interest  to 
the  metal-mining  districts  of  the  L'nited  States 
has  just  been  issued  hy  the  Bureau  of  Mines. 
uiuler  the  title.  "Rules  and  Regulations  for 
Metal  Mines.*'  It  is  to  be  known  as  Bulletin 
75.  and  the  authors  are  W.  R.  Ing^lls.  J. 
Parke  Channing.  James  Douglas.  James  R 
1- inlay,  and  John  Hays  Hammond.  The  Com- 
mittee was  originally  appointed  at  a  meeting 
oi  the  .\merican  Mining  Congress  at  Denver. 
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Colorado,  in  Xovcmber,  1900,  and  its  object 
was  the  drafting  of  a  modern  law  governing 
quarrying  and  metalliferous  mining,  which 
could  be  recommended  to  the  Several  States  for 
adoption. 

This  committee  did  considerable  work  and 
made  a  number  of  reports.  In  April,  191 1, 
Dr.  Joseph  A.  Holmes,  Director  of  the  Bu- 
reau of  Mines,  invited  the  committee  to  serve 
as  a  committee  of  that  bureau  with  the  idea 
of  preparing  a  final  draft  of  a  law,  and  this 
was  accepted. 

The  code  of  mining  rules  that  has  been 
finally  drafted  by  the  committee  is  the  co- 
ordination of  the  experiences,  opinions,  and 
suggestions  of  a  great  many  men  who  have 
assisted  the  committee  in  an  advisory  capac- 
ity and  as  directly  employed  aids.  The  form- 
er have  included  many  engineers  actively  en- 
gaged in  practice,  members  of  professional 
societies,  and  members  of  the  bar;  the  latter 
have  included  members  of  the  regular  staff 
of  the  Bureau  of  Mines  and  of  the  personal 
staffs  of  members  of  the  committee.  The 
committee  has  sought  to  obtain  many  points 
of  view  and  to  summarize  many  experiences. 
The  draft  that  has  been  prepared  is  not  of- 
fered as  the  last  word  upon  this  subject. 
There  are  many  phases  of  this  subject  with 
which  the  committee  has  been  unable  to  deal 
thoroughly.  Thus  the  committee  confesses 
its  inability  to  formulate  at  the  present  time 
adequate  rules  covering  the  important  subject 
of  ventilation  of  mines.  Similarly  there  are 
many  practices  in  open-cut  mining,  by  steam 
shovels,  etc.,  regarding  which  the  committee 
has  felt  unable  to  formulate  rules.  It  is  felt, 
however,  that  the  rules  so  far  as  prescribed 
may  advantageously  be  applied  to  open  min- 
ing whether  it  be  simple  quarrying  or  the  ex- 
traction of  metalliferous  mineral,  ,as  well  as 
to  underground  mining. 


In  spite  of  the  popular  impression  that 
the  introduction  of  concrete,  steel  and  brick- 
is  doing  away  with  the  use  of  wood,  the 
State  of  New  York  is  using  more  wood  per 
capita  than  ever  before.  More  than  twice  as 
much  wood  is  used  per  person  now  than 
fifty  years  ago.  More  than  six  times  as  much 
wood  per  person  in  Xew  York  State  than 
in  Germany,  and  more  than  ten  times  as  much 
as   in   Great   Britain. 


THE  BAROMETER,  OUR  FEELINGS  AND 
HEALTH 

r>V     CHARLES     E.     B.\NKS.* 

r.very  person  capable  of  putting  two  and 
two  together  and  obtaining  the  correct  an- 
swer has  been  conscious  of  feeling  out  v)f 
sorts,  as  the  printer  would  say.  when  the 
clouds  hung  low  and  the  sun  was  obscured. 
A  week  of  dull  weather  sets  a  whole  com- 
munity on  edge,  and  the  mental,  moral  and 
physical  components  of  man  are,  at  its  close, 
about  fit  for  the  scrap  heap.  Under  such 
atmospheric  conditions,  when  prolonged  for 
a  number  of  days,  an  Englishman  admits 
that  he  feels  "seedy"  and  the  American  con- 
fesses that  he  is  feeling  "mean,"  both  ad- 
jectives relating  to  a  state  of  mental  and 
bodily   dumps. 

This  situation  is  generally  attributed  to 
the  lack  of  sunshine,  for  every  human  being 
retains  the  ancient  beliefs  in  the  potentiality 
of  the  sun  in  its  relation  to  his  life  and 
its  well-being.  A  few  sunless  days  or  hours 
are  not  sufficient,  however,  to  put  a  hoo-doo 
on  the  temperament  and  activities  of  a  whole 
population ;  there  is  another  important  con- 
trolling agency,  but  little  understood,  even 
if  appreciated,  and  it  exercises  a  much  great- 
er influence  than  the  sun  in  a  given  space 
of  time.  If  the  sunlight  were  absolutely 
necessary  to  our  upkeep  night-watchmen  and 
laborers  on  the  morning  editions  would  be 
chronic  invalids,  and  mine  workers  the  most 
unhealthy   people   in    existence. 

The  gaseous  envelope  of  atmospheric  air 
surrounding  the  earth  is  the  medium  In 
which  we  have  to  live,  and  it  bears  the  same 
relation  to  the  human  family  as  the  wat?rs 
of  the  globe  to  the  order  of  fishes.  The  air 
and  water  are  essential  to  the  life,  as  much  a 
factor  to  man,  as  the  quality  of  water  to  the 
fish.  This  normal  atmospheric  air  exerts  on 
our  bodies  a  definite  dynamic  force,  or  phys- 
ical pressure,  of  14.7  pounds  on  every  square 
inch  of  our  bodies  if  we  live  at  or  near  the 
sea  level,  and  the  higher  up  w^e  go  this  at- 
mospheric pressure  diminishes  until  on  the 
heights  of  the  Rockies  it  is  three  or  four 
pounds  less.  The  normal  pressure  at  sea 
level  is  indicated  by  the  barometer  as  ,;o 
inches,  and  it  decreases  by  an  established  scale 
as    it   ascends   these   mountain   heights.     Most 
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J)t'r^^m^  know  that  .imciiIs  nt  rjumiitaiiKiii^ 
peaks,  tlmusainls  ot  tret  ahovr  M-a  level  re 
^ult  111  marked  physical  ilistress.  ditfictilt 
breath inR.  j^'eneral  depression  at  the  summits, 
and  in  extreme  cases  bleeding  at  the  nose 
and  e\  en  from  the  Innj^js.  due  to  this  lessened 
atmospheric  pressure.  just  so  it  hapj)cns 
that  wlun  the  I.aronutcr  is  ""low"  for  a  co!i- 
siderahle  period.  sa\'  a  drop  from  .10.  the 
normal  Ka^c.  to  j(;  or  below,  when  stormy  or 
dull  weather  ensues,  wc  jjet  the  analogous 
effect  imperceptibly,  but  in  an  ai)precial)lc 
dcfjree ;  for  it  has  happened  tliat  a  definite 
measure  of  atmospheric  i)ressure  has  bei'i 
released  from  our  bodies  and  naturally  then- 
follows  a  dislocation  of  our  normal  balance. 
The  averaj.je  adult  man  sustains  on  every 
pleasant  day  an  atmospheric  pressure  of  about 
fourteen  tons  at  sea  level,  when  the  barometer 
reads  at  30  and  a  droj)  of  an  inch  or  more, 
to  j()  and  below  practically  takes  off  half 
a  ton  or  more  of  his  load  to  which  he  is 
accustomed.  Paradoxically,  instead  of  feel- 
ing lighter  and  freer  man  feels  a  depressing 
effect  on  his  tissues,  lie  has  to  become  ad- 
justed to  this  alteration  from  normal  tensit> 
to  one  of  unusual  relaxation,  and,  while  it 
is  slow  in  its  manifestations,  as  barometric 
changes  are  generally  gradual,  yet  the  effect 
in  miniature  is  like  going  up  to  a  .great  height 
on  a  mountain  range.  Of  course  this  feel- 
ing is  neither  serious  nor  fatal,  but  the  re- 
laxed condition  in  unpleasant  weather  extend- 
ing over  a  number  of  days  makes  us  feel 
"out  of  sorts.''  While  the  spell  is  on  wc 
are  in  the  doldrums,  and  the  situation  is 
recognized  as  of  enough  importance  by  care- 
ful surgeons  to  defer  important  operations, 
which  can  be  postponed,  when  these  unfavor- 
able barometrical  conditions  prevail,  and  the 
patient  needs  c\ery  ounce  of  vitailit>'  to  pull 
through. 


AN  EFFICIENT    AIR  WASHER  AND   COOLER 

The  Metropolitan  Street  Railwav,  Kansas 
City,  Mo.,  has  recently  completed  the  iiistrvlla- 
tion  of  two  air  washers  in  connexion  with 
its  largest  turbo-generating  plant  at  t'r.c  corn- 
er of  Second  Street  and  Grand  A\cnue,  and 
the  company's  engineering  department  now 
announces  the  successful  outcome  oi  its  tests 
of  the  machines,  which  have  a  capacitv  of  Sn.- 
000  cu.  ft.  per  minute  each.  The  in.^tallation 
includes      complete     equij^ments      of     motors. 


piiinpH.   |»alentc<l    >pray   nozzlc%,   %pray   |>iptni(. 
screens,  t-liiniiiator  plates  aiul  otlur  necessary 

ap|)liancfs. 

According  to  the  railway  officiaU,  the  ex- 
pense of  installing  an<l  o|Kratii)g  the  air  wash- 
ers has  !»een  more  than  jiistiticd  by  the  results 
obtained  the-  removal  of  practically  all  the 
dust  in  the  air  entering  the  washer  and  the 
co«»ling  i,i  the  air  to  the  wet  bulb  temperature, 
thus  increasing  the  capacities  of  the  turlxj- 
generators  from  u  per  cent  to  15  per  cent. 
The  installation  will  undoubtedly  prevent  ex- 
pensive l,urn-f)Uts  that  are  liable  to  result  from 
carrying  overloads,  with  an  accumulation  of 
dirt  on  tlie  windings,  and  is  believed  by  the 
railway  electricians  to  constitute  an  effective 
insurance  against  the  losses  due  to  decreased 
ethciency  and  the  delays  required  for  repairs 
and   cleaning   the   generator   windings. 


ILMP    AND   TEMPERING   COILS. 

The  new  machines,  shown  in  the  accom- 
panying illustrations,  were  purchased  by  the 
.Metropolitan  Street  Railway  from  the  Spray 
luigineering  Company,  Boston,  Mass.  which 
followed  its  usual  custom  in  erecting  them  for 
\hc  purchaser.  About  350  ft.  of  i-in.  gal- 
vanized steam  piping  were  included  in  the 
e(|uipment  of  each  washer,  to  be  used  as 
temi)ering  coils  to  reduce  the  humidity  of  the 
outgoing  air,  when  required.  These  coils  arc 
constructed  so  as  to  oi>t?rate  satisfactorily  un- 
der a  steam-gage  pressure  of  5-lb.  per  square 
inch.  riie  air-washer  equipment  furnished 
renders  it  uimecessary  to  have  any  extra 
equipment  for  washing  down  the  eliminator 
plates,  thus  ccmsiderable  expense  is  avoided. 
I  lie  eliminator?  consist  of  vertical  plates,  so 
arranged   as   to   provide   a   large   wet   surface. 
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SPRAYING    EQUIPMENT. 

The  washers  are  guaranteed  to  operate  effi- 
ciently for  ten  years. 

Each  pump  unit  of  the  machines  is  mounted 
on  a  heavy  cast-iron  bedplate,  so  constructed 
as  to  extend  under  all  parts.  This  arrange- 
ment prevents  oil  and  water  from  dripping 
ifbm  the  pumps  and  motors  on  to  the  tioor, 
the  bedplates  being  Hanged  and  set  at  an  in- 
cline so  as  to  give  perfect  drainage.  The  mo- 
tors are  capable  of  operating  without  de- 
terioration in  a  moist  atmosphere  from  40 
deg.  to  50  (leg.  Fahr.,  and  the  pumps  operate 
readily  with  a  .60  per  cent,  efficiency.  All  pip- 
ing and  fittings  are  of  galvanized  iron  to  pre- 
vent corrosion  incident  to  a  humid  atmo- 
spheric  condition. 

The  tests  made  in  Kansas  City  have  inter- 
ested a  great  many  electricians  of  the  Soutli 
west  who  came  to  witness  them.  The  assist- 
ant electrical  engineer  reports  that  in  the  tests 
thus  far  made,  the  washer  passes  no  free 
moisture  that  will  show  on  a  plate  of  clean 
glass  held  at  a  distance  of  8  in.  from  the  elim- 
inator. The  test  for  cleaning  consisted  in 
sifting  5  lb.  of  dry  l>oiler  soot  into  the  mouth 
of  the  washer  at  a  temperature  of  70  deg.  At 
the  same  time,  a  sheet  of  clean  white  paper 
was  held  at  right  atigles  to  the  air  flow  at 
about  6  in.  from  the  flow  openings.  This  test 
was  conducted  for  ten  minutes,  after  which 
not  a  trace  of  soot  could  be  found  on  the 
paper.  With  a  view  to  seeing  what  result 
would  show  in  the  case  of  the  finest  dirt,  two 
wire  screens  were  covered  with  a  thin  film  of 
absorbent   cotton,   and   one   of   these    was    in- 


serted in  the  air  duct  to  intercept  the  air  as 
it  entered  the  washer,  while  the  other  was 
placed  in  the  duct  leading  from  the  washer. 
I  he  first  screen  was  allowed  to  remain  in  the 
air  current  continuously  for  six  hours  and 
the  second  for  two  weeks.  At  the  end  of 
the  latter  period  it  was  found  that  the  sec- 
ond screen  showed  no  more  soiling  than  the 
first,  which  had  been  exposed  for  the  shorter 
period. — Electric    Railway   Journal. 


PRhSSURES  AND  VACUUMS 

The  little  sketch  by  Professor  E.  W.  Kerr, 
of  Louisiana  State  University  and  here  re- 
produced from  the  Louisiana  Planter,  shows 
the  rather  anomalous  way  in  which  vacua  are 
indicated  and  recorded  as  compared  with  po- 
sitive pressures.  Steam  pressures  above  ot- 
mosphere  were  formerly  measured  by  the 
mercury  column  and  stated  in  inches  of  mer- 
cury, but  as  higher  pressures  become  com- 
mon the  mercury  gage  was  abandoned  and 
all  pressures  are  now  stated  in  pounds  per 
square  inch.  Vacuum  is  still  mostly  meas- 
ured in  inches  of  mercury,  although  here  too 
pounds  would  be  more  convenient.  When 
we  sa\^  there  are  26  inches  of  vacuum  we 
mean   that   the   pressure    is   26   inches    less   in 


PRESSURES    AND    V.VCUUMS. 
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the  vatunni  iliamlur  than  the-  pn-ssurr  cx- 
tTtcd  liy  the  atmosphere,  which  coiititiually 
\aries  within  narrow  limits  for  each  l(»cality, 
hnt  at  sia  level  averages  api)roximately  30 
inches  of  mercury  or,  say.  13  i)onn(ls  to  the 
.s(|uare  incii. 

In  the  sketih  the  inmr  horizontal  line  rip- 
resents  the  pressure  of  tlie  atmosplu-re  and 
the  lower  line  rt presents  the  entire  ahsence 
of  pressure,  or  perfect  vacuum.  I  he  upper 
horizontal  line  may  rei)resent  any  Ra^e  pres- 
sure, or  pressure  in  excess  of  that  of  t'le  at- 
mosphere. I  hen  of  the  several  vertical  lines. 
a  is  ga.ne  pressure,  b  is  vacuum  and  c  is  abso- 
lute i)ressure.  If  d  represents  the  actual  vac- 
uum in  the  condenser  of  a  steam  engine  then 


fortunately  the  iiiiit«  arc  in  quite  different  de- 
nominations. 

It  is  to  he  noted.  I>y  the  way.  that  the  value 
of  the  mercury  column  is  not  precisely  2 
inches  to  the  i>uuncl  as  it  is  fo  convenient  to 
assume.  An  inch  tif  mercury  represents  4015 
pound,  and  this  can  he  used  as  a  muItipluT. 
I  hen  j6x,49f5  ij.78  pound  and  the  total  driv- 
ing force  per  s<|uare  inch  of  piston  as  above 
assumed   would   he  jo-r lJ."8rr 32.78  |K)und 

It  seems  rather  stranKe  that  manufacturers 
of  vacuum  gages,  while  still  retaining  the 
reading.'  in  inches  of  mercury,  do  not  also  give 
another  circle  of  graduations  reading  pounds, 
hut  we  do  not  know  of  any  such  gage  on  the 
market. 


FIG.     I, 


c  will  lie  the  difference  between  the  conden^ 
er  vacuniii  and  perfect  vacuum.  With  an  at- 
mos])heric  pressure  of  30  inches  of  mercury, 
and  a  condenser  vacuum  of  j6  inches,  d  would 
represent  this  26  ^inches,  and  c  would  be  .^0-26 
:=4  inches. 

In  a  working  cylinder  with,  the  steam  pres- 
sure against  one  side  of  the  piston  jo  pounds, 
gage,  while  on  the  other  side  there  might  be 
26  inches  of  vacuum,  the  total  force  op- 
erative upon  the  piston  would  be  determined 
by  adding  the  vacuum  to  the  pressure,  but  un- 


ALEVNER  DRILL   SHARPENER   MAKING 
COUPLING  PINS 

A  Leyner  drill  sharpener  in  the  shops  o\  a 
coal  mining  company  was  recently  fitted  with 
special  dies  for  forging  coupling  pins  for 
mine  cars.  This  resulted  in  a  considerable 
economy  of  the  blacksmith's  time. 

Vox  this  purpose  a  piece  of  iron  stock  I '4  in. 
in  diameter  and  about  14  in.  long  is  placed  in 
the  dies.  pri»iecting  about  2  in.  The  flat-faced 
hammer  or  dolly  upsets  the  head,  as  shown  in 
l"ig.  I.  bringing  d<nvn  the  length  of  the  pin  to 
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FIG.    2. 

about  12'  _•  in.  The  machine  operates  with 
compressed  air  and  is  controlled  entirely  hy 
a  single  lever. 

Ry  eqi'.ippinj^-  the  sharpener  with  suitable 
dies  and  dolly  the  pins  were  turned  out  at  the 
rate  of  about  two  per  minute.  This  rate  could 
have  been  even  greater  if  it  were  not  that  there 
were  only  three  forges  in  use  and  they  could 
not  supply  the  heated  stock  any  faster. 

y\ii.  2  shows  the  special  dies  and  dolly  used 
for  forging  these  pins,  as  well  as  a  l)lank  and 
a  Finished  pin.  It  is  planned  to  make  other 
special  dies  and  dollies  so  that  the  machine 
can  be  used  for  miscellaneous  blacksmith 
work,  such  as  welding  car  couplings.  In  ad- 
dition to  this  special  work,  the  sharpener  is 
used  for  pointing  various  styles  and  sizes  of 
drill  steel  used  for  cutting  rock  and  coal  in 
the  mine. — t  oal  /Ifjc. 


QAS  ENGINES  AT  EXTREMES  OF  ALTITUDE 

I  venture  I  have  the  distinction  of  using 
two  I'oos  engines  at  greater  extremes  of  alti- 
tude, than  any  one  else.  One  is  at  just  lo.ooo 
feet  altitude  and  one  at  198  feet  below  sea 
level. 

b'or  the  past  two  years  1  have  been  running 
a  Foos  gas  engine  at  my  mine  in  Mono  Coun- 
ty, at  the  above  elevation,  as  shown  by  the 
Government  survey  and  checked  by  several 
aneroids.  This  engine  is  used  for  hoisting 
gold  ore  frf)m  a  20O-fo(jt  shaft,  and  hoists  a 
700-pound  bucket  in  one  minute  and  seven 
seconds.  It  has  never  refused  to  do  the  work 
required  of  it,  and  has  never  delayed  us  ten 
minutes  on  account  of  engine  trouble.  This 
is  a  7  h.  p.  engine  and  I  first  rigged  it  to  a 
small  hoist  to  do  the  prospecting  work.  1 
found  it  so  very  satisfactory  that  I  have  con- 
tinued it  as  a  i)ermanent  power. 

Showing  extremes.  I  will  say  that,  on  ac- 
count of  the  excellent  wf^rk  my  engine  at  the 
mine    is    doing.    I    purchased    a    small    one    to 


pump  water  at  Calipatria.  and  it  is  working 
every  da}^  at  a  point  198  feet  below  sea  level, 
r  see  no  difference  in  the  working  of  the  two 
engines,  except  that  I  have  to  give  the  mine 
engine  all  the  air  I  can,  which  1  have  done  by 
taking  out  the  air  pipe  entirely,  and  drilling 
the  hole  larger. — 11.  H.  Clark  in  The  Gas  En- 
(/iuc. 


UNEXPLODED  DYNAMITE  CHARGES  SAFELY 
REMOVED  BY  AIR 

]\y  inserting  the  end  of  a  hose,  or  short 
length  of  pipe,  in  a  blast-hole  that  has  failed 
to  go  off,  turning  on  a  light  pressure  of  air 
through  a  valve  from  the  drill  line,  and  with- 
drawing the  pipe  with  the  pressure  on,  the 
unexploded  dynamite  may  be  removed^  with 
safety.  I  he  work  should  be  done  with!  care, 
and  too  much  air  pressure  should  not  be 
turned  on.  This  method  was  advocated  by 
Jacob  S.  Langthorn,  in  a  paper  read  at  a 
recent  meeting  of  the  Brooklyn  Engineers' 
Club,  in  preference  to  attempting  to  drill  a 
new^  hole  alongside  the  unexploded  one.  The 
latter  practice  is  compulsory  in  New  York 
City,  under  section  188  of  the  rules  of  the 
Municipal   Explosives   Commission. 

The  paper,  which  outlined  the  effective 
methods  used  in  handling  explosives  on  the 
Catskill  Aqueduct  tunnels,  and  the  discussion 
which  followed,  dealt  with  tunnel  practice, 
where  the  holes  in  the  heading  are  all  drilled 
at  an  angle.  No  one  can  be  sure  where  the 
end  of  such  a  hole,  8  or  10  ft.  from  the  face, 
is  located,  and  when  one  of  them  has  missed, 
it  was  asserted,  it  is  dangerous  to  drill  an- 
other hole  anywhere  near  it.  That  the  prac- 
tice of  attempting  to  drill  a  new  hole  in  a 
tunnel  heading  where  one  or  more  holes  of  a 
round  have  missed  is  much  more  dangerous 
than  withdrawing  the  unexploded  charge  with 
care,  especially  where  compressed  air  is  used, 
was  unanimously  asserted  by  several  tunnel 
engineers  of  wide  reputation,  who  took  part 
in  the  discussion  of  the  paper.  John  R. 
Ilealy.  inspector  of  comi)ustibles  of  the 
r.ureau  of  I'ire  Prevention,  stated  that  where 
compressed  air  was  used  as  described  the 
charge  followed  the  pipe  out  of  the  hole  as 
if  it  were  a  piece  of  iron  and  the  pipe  power- 
ful   magnet. 
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HOPb  FOR  MEXICO 

II  the  last  full  week  ot  August  there  came 
to  hand,  one  after  the  other  and  not  together, 
the  i."»sues  of  the  Mexican  MininK  Journal  for 
the  <^urcessivc  months  from  March  to  August. 
inclusive.  It  seems  quite  clear  that  these  have 
Ikiii  hehl  up  .somewhere  on  the  way  hy  the 
demoralisation  or  paralysis  of  the  mail  and 
transportation  systems  of  the  unfortunate 
country.  I  he  fact  that  the  papers  have  come 
to  hand  at  last  seems  to  show  that  things  arc 
improving  and  that  normal  cf»nflitions  arc  \)C- 
ing  resumed. 

We  are  pleased  to  note  that  there  has  bien 
no  demoralization  of  the  editorial  department, 
or  in  fact  any  department,  of  the  publication 
referred  to,  and  that  the  issues  now  before  us 
are  certainly  as  good  as  any  we  have  ever  re- 
ceived, or  in  fact  better.  The  editorial  in  the 
.\ngust  issue,  which  we  here  reproduce,  it 
will  he  seen  is  overflowing  with  virile  optim- 
ism.     It   is   entitled: 

.NtF.XlCo's    WONDKKFri.   VITALITY. 

"Although  conditions  have  been  so  unfavor- 
able, during  the  past  few  years,  at  least  in 
southern  Mexico,  that  'Mining!  There  ain't 
no  such  thing!'  has  been  a  favorite  expres- 
sion among  mining  men  in  the  capital  city. 
yet  the  mineral  production  of  the  country 
continues  to  be  an  important  factor  in  the 
world  markets.  The  recent  drop  of  nearly 
three  cents  in  the  Xew  York  quotations  for 
silver  are  said  to  be  directly  due  to  a  huge 
shipment  of  accumulated  bullion  from  Pach- 
uca.  Of  course  Pachuca  is  an  exceptional 
camp  even  for  Mexico,  and  the  conditions 
which  made  it  possible  for  the  mines  to  con- 
tinue operations  there  almost  without  inter- 
ruptions were  also  exceptional.  Nevertheless 
this  isolated  and  exceptional  circumstance 
gives  one  a  sense  of  the  importance  of  the 
country  and  its  mines  in  the  mineral  indus- 
try oi  the  worUl.  If  the  mines  of  Mexico  can 
still  disturb  the  markets  of  the  world  after 
years  of  turmoil,  stagnation  and  decadence, 
what  can  they  not  do  when  conditions  favora- 
ble to  enterprise  and  expansion  once  more 
return  to  the  country?  Another  note  found 
hidden  among  the  rare  cable  despatches  which 
we  are  still  permitted  to  see.  bears  witness  to 
the  latent  vitality  of  the  country.  It  seems 
that  in  spite  of  five  years  of  upheaval  pre- 
ce«led    1  y    an    equal    period    of    apprehension. 
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.Mexican  bonds  are  still  quoted  in  foreign 
markets  at  a  higher  rate  than  those  of  cer- 
tain countries  in  South  America  and  Europe 
which  enjoy  a  settled  and  apparently  stable 
form  of  government.  Evidently  there  is  still 
plenty  of  confidence  in  the  future  of  Mexico, 
and  it  is  not  likely  that  those  of  us  who  have 
waited  courageously  for  the  country  to  re- 
cover its  political  indigestion  and  for  the  re- 
turn of  prosperity  will  in  the  end  be  disap- 
pointed." 


THE  EXPLOSIVE  AGE 

In  this  cataclystic  era  "explosion"  is  a  term 
oft  used,  and  we  are  not  at  all  surprised  now 
to  find  our  bright  little  New  York  contempo- 
rary, the  CoiMPRhSSED  Air  Magazine,  asking.. 
"Why  should  not  the  present  be  called  the  age 
of  explosives,  or,  perhaps  still  better,  the  ex- 
plosive age?"  War  projectiles  apart,  our  con- 
temporary finds  utilitarian  science  justify  its 
claim,  as  it  feels  that  in  the  exhibits  at  this 
season  of  count}-  and  state  agricultural  fairs 
nothing  is  more  striking  than  the  complete- 
ness with  which  the  explosive  engine,  the  gas- 
oline motor,  has  superseded  the  steam  engine. 
The  Humphrey  pump  and  the  Diesel  engine 
are.  our  contemporary  admits,  beginning  to 
show  the  applicability  of  the  explosive  motor 
to  the  largest  power  units,  in  which  direction, 
of  course,  compressed  air  helps.  Hence  is  a 
case  made  out  for  thus  dubbing  the  age,  and 
the  only  alternative  title  we  can  suggest,  hav- 
ing in  mind  the  insen.sate  folly  of  those  who 
wrack  and  burn,  is  that  which  one  applies  to 
the  inferno  itself — combustion. — Cas  and  Oil 
Power,  London. 


THE     LATEST  COMPRESSED  AIR    MIRACLE 

The  following  is  taken  from  the  New  York 
Evening  Sun,  Aug.  31.  It  is  certain  that  no 
other  device  than  a  "compressed  air  ma- 
chine" could  have  done  all  that  is  alleged, 
and  no  one  at  all  acquainted  with  "compressed 
air  machines"  could  have  given  out  such  a 
batch  of  absurdities. 

John  Dillon,  superintendent  of  the  Degnon 
Construction  Company,  who  is  in  charge  of 
the  work  on  the  new  subway  at  Fifty-ninth 
street  and  Sixth  avenue,  was  arraigned  be- 
fore Magistrate  Deuel  in  Yorkville  Police 
Court  to-day  on  complaint  of  Patrick  llanan. 
chief  inspector  in  the  Department  of  Water 
Supply,    who    charges    him    with    violating    an 


ordinance  that  forbids  any  one  from  making 
connection  with  a  city  water  main  without  a 
written  permit  from  the  department. 

Inspector  Hanan  charges  that  the  company 
"tapped"  a  water  main  at  Sixth  avenue  and 
I'ifty-ninth  street  and  has  been  using  the 
water  for  five  months. 

It  is  further  alleged  by  Hanan  that  the  con- 
struction company  used  a  compressed  air  ma- 
chine in  obtaining  water  from  the  main  and 
that  this  machine  blew  poisonous  gases  into 
the  water  main  which  tainted  the  water. 

He  also  alleged  that  the  compressed  air 
machine  made  the  water  meters  in  the  vicin- 
ity of  Fifty-ninth  street  and  Sixth  avenue  reg- 
ister backward  instead  of  forward. 

The  queer  action  of  the  water  meters  puz- 
zled the  Department  of  Water  Supply  for 
some  time.  Investigation  led  to  the  charge 
against  Dillon. 

Magistrate  Deuel  told  Inspector  Hanan  that 
a  police  court  had  no  jurisdiction  in  such  a 
case.  He  advised  Hanan  to  have  the  city 
bring  suit  in  a  civil  court  against  the  con- 
struction company. 


FOURTH  OF  JULY  DRILLING  CONTEST 

At  Wallace,  Idaho,  drilling  15  minutes  in 
hard  granite,  Kinsella  and  Leaf,  from  the 
Tamarack  &  Custer  mine,  won  first  money, 
$350,  by  putting  the  steel  down  34" /ic  i"- 1 
Rossman  and  Haff.  with  2>2>l/i  i"-  to  their 
credit,  took  second  money;  while  St.  Germain 
and  Morrison,  the  Osburn  drillers,  were  third 
with  33yi„  in.  Stokes  brothers,  of  Moon 
Creek,  drilled  32V1C  in- 

At  Goldfield,  Nevada,  drilling  in  a  block  of 
granite  from  Rockland,  California.  Collins 
and  Lindquist  won  first  money,  $500,  by  drill- 
ing 40-34  in. ;  Hughes  and  Jelik  were  secor  d, 
.39Vi«  ill- ;  Schram  and  Olson  third,  38->^  in. 
Single  handed,  Lindquist  drilled  23%  in.,  win- 
ning $252;  Brooks  was  second,  with  19^'/, «  in., 
and  Malli  was  third,  with  i<S"/,r,  in.  to  his 
credit. 


A  HERO  WITHOUT  A  QUN 

King  George  has  awarded  the  Edward  Med- 
al of  the  Second  Class  to  James  Wagenaar 
for  bravery  in  saving  life  in  the  City  Deep 
Ciold  Mine.  Witwatersrand.  South  Africa  on 
October  29,  1913.  Wagenaar  was  working  in 
the  mine  when  he  was  informed  by  a  native 
that  five  other  natives  down  a  winze,  or  steep 
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inclinr,  had  hccn  ovtTcotnc  liy  tlu*  fumes  from 
oxplosivos  used  ill  hIastiiiK  (the  debris 
brought  down  had  intertcrrd  witli  tl>c  venti- 
lation and  pri'vented  thr  dispersion  of  the 
gas).  \\  agtnaar.  tying  a  wet  cloth  round  his 
mouth,  immediately  descended  the  winze  to 
the  place  where  the  natives  were  lying  in 
various  stages  of  collapse,  and,  without  as- 
sistance, brought  out  four  of  them  in  succes- 
sion, lie  proceeded  down  the  winze  for  the 
fifth  time  to  bring  out  the  last  native,  but  was 
unable  to  carry  him  up  more  than  a  few 
yards,  as  he  was  fast  being  overcome  by  the 
fumes,  and  had  himself  to  be  helped  out  of 
the  winze.  Three  men,  who  subsequently 
brought  out  the  fifth  native,  also  collapsed 
from   the  effects   of   the  gas. 


THE   PROPHET   BUSINESS 

"What's  this  new  dope  they've  got  for 
knocking  the  mining  game?"  demanded  the 
Pessimist. 

"There  isn't  any  new  dope,"  returned  Col- 
onel Tepetate  only  half  interested.  "Even  in 
Solomon's  da}-,  there  was  no  use  looking  for 
aiuthing  new." 

"I  mean  this  stuff  about  ore  and  depth." 

"That's  all  right.  Did  you  ever  hear  of  a 
mine  that  didn't  peter  out  sooner  or  later?" 

"Of  course  not.  But  what  is  the  use  of  dig- 
ging up  that  now,  when  things  are  gloomy 
enough  already.  Why  call  att^tion  now  to 
the  fact  that  ore  comes  only  in  bunches,  with 
the  best  and  biggest  end  of  the  vein  near  the 
surface?' 

"No  use  that  I  can  sec.  Human  nature.  I 
suppose.  When  the  gloom  is  particularly  thick 
somebody  is  sure  to  think  of  something  to 
make  the  shadows  still  a  little  deeper.  When 
a  man  is  having  a  birthday  party  nobody  re- 
marks that  life  is  but  a  fleeting  show  and 
leads  but  to  the  grave.  They  pull  that  sob  stuff 
on  him  when  he  is  down  on  his  back  wonder 
ing  whether  it  will  be  worth  while  to  stay 
and  meet  the  doctor's  bill.  But  I  can't  find 
anything  to  weep  about  in  that  best  ore  near 
the  surface  business.  Think  what  it  would  be 
the  other  way  around.  Suppose  you  had  to 
sink  5.000  feet  before  it  would  pay  to  begin 
stoping.  Besides,  there  are  mines  that  pay  at 
the  depth  of  a  mile.  That  is  deep  enough  for 
me.  Hoisting  stuff  a  mile  straight  up  is 
enough  of  a  pull  to  satisfy  anybody.*' 


"Hut  why  did  they  do  it?"  insisted  the  Fe»- 

snnist. 

"Vou  mean  digging  up  that  old  skclctoo 
when  there  isn't  any  feast  on?    I   fail  to  fee 

how  that  makes  much  differences.  As  I  said 
before,  human  nature  is  like  that.  In  hard 
times  there  is  always  some  prophet  snooping 
around  telling  the  people  that  there  is  an  end 
to  all  fun.  In  the  old  days  they  used  to  get 
sore  and  stone  the  prophets,  and  I've  an  idea 
that  this  particular  prophet  got  his  share  of 
rocks  too.  I  see  that  you're  a  bit  sore  your- 
self, and  this  jeremiad  wasn't  aimed  at  vou 
or  me  at  all." 

"It  hits  everybody   in  the   muung  business" 

"Not  at  all!  You  and  1  and  the  most  of  us 
are  not  trying  to  sell  stock  on  the  old  howl  of 
richer  ore  lower  down.'  Vou  and  ninety- 
nine  of  the  other  fellows  are  not  breaking 
your  necks  to  dig  down  towards  China.  You 
are  drifting  sideways  all  you're  worth  be- 
cause you're  not  extra  fond  of  hoisting.  As 
near  as  I  make  out  this  is  about  what  hap- 
pened :" 

The  old  man  took  a  look  to  see  that  his  list- 
cners  attention  was  still  with  him.  "As  you 
know,  there  never  was  an  ore  deposit  that 
made  so  much  money  for  the  stock  jobbers  as 
that  on  the  Rand.  Somebod}-  got  up  a  theory 
that  the  Rand  mines  were  on  an  old  gravel 
bed.  one  edge  tipped  up  so  that  it  comes  to 
the  surface.  Some  gravel  beds  are  fairly 
uniform  in  values,  and  the  Rand  reef  seemed 
to  be  that.  The  thing  fattens  out  somewhat 
as  it  goes  down,  and  what  could  be  finer  than 
a  theory  that  a  uniform  bed  of  gold  ore  cut 
under  a  good  stretch  of  southern  Africa  and 
stuck  out  into  the  ocean  ?  Did  you  ever  see 
a  prettier  layout  for  organizing  companies 
and  selling  stock?" 

"I  see  I  but  how  many  years  would  they  have 
to   dig  before  finding  out  what  they  had?" 

"Under  the  circumstances  nobody  kicked  on 
that,  and  it  gave  more  time  for  selling  stock 
The  idea  that  the  district  which  is  sending  so 
many  millions  to  London  and  is  helping  to 
make  our  few  dollars  look  so  small,  could 
keep  it  up  practically  forever,  tickled  every- 
body over  there,  as  you  can  easily  see  that  it 
would  Quite  the  most  beautiful  and  most 
welcome  theor>-  that    was   ever   hatched." 

'.\nd  this  prophet  fellow  came  along  and 
took  a  crack  at  that  lovely  theory!  Yes.  I 
can  easily  believe  that  there  might  be  several 
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cheerful  optimists  willing  to  shy  a  pebble  at 
him." 

it  was  rather  cruel  of  him,"  ruminated  the 
old  man.  always  willing  to  look  at  the  other 
side  of  a  thing.  "I  cant  think  that  he  hurt  it 
very  much.  It  takes  more  than  one  prophet  to 
sink  a  beautiful  theory  like  that.  England 
needs  that  gold,  too.  It's  a  heap  easier  to  be- 
lieve what  you  want  to  believe  than  something 
that  you  hope  isn't  so.  Besides  nobody  has 
been  down  there,  a  mile  or  two  underground, 
to  see  what  the  deposit  looks  like." 

"So,  he  may  be  wrong,  after  all." 

in  general  he  is  right,  of  course.  In  par- 
ticular, quien  sabe.  I  am  not  in  the  prophet 
business." 

"Theres  nothing  in  it.'' 

"Nothing  in  what?' 

"The   prophet   business.'' 
i  never  yet  heard  of  one  who  tried  to  get 
anything   out   of    it    for   himself." 

"Then  why  do  they  do  it?'' 

"They  can't  help  it.  A  prophet  is  born  that 
way.  He  just  naturally  has  got  to  tell  people 
that  they  are  wrong,  that  they  don't  know 
what  they  are  doing.  It's  his  nature.  He  al- 
ways picks  out  something  that  happens  to  be 
very  popular  at  the  time,  and  the  result  is 
that  he  never  has  many  friends." 

'ile  is  a  nuisance." 

"i  am  not  so  sure  of  that.  It  is  a  good 
thing  once  in  a  while  to  show  people  how 
ridiculous  they  are,  and  to  tip  them  out  their 
hobbies.  To  be  sure.,  the  world  never  listens 
to  its  prophets.  It  heaves  rock  at  them.  But 
it  may  set  a  few  to  thinking.  Anyway,  the 
world  has  always  had  them  and.  I  suppose, 
always  will.  The  modern  prophet  has  a  rath- 
er tough  time  of  it.  He  can't  fall  back  on  a 
miracle,  like  Daniel  and  Isaiah  used  to  do." — 
Mexican    Mining   Journal. 


TESTINQ    A   RHFRIQERATINQ    PLANT  WITH 
AIR 

BY     A.     G.     SOLOMON. 

Using  an  ammonia  compressor  for  pump- 
ing an  air  test  on  a  plant  is  something  that 
should  be  given  considerable  attention.  It  is 
customary  to  test  the  high-pressure  side  of  a 
plant  with  300-lb.  air  pressure  and  the  evap- 
orating coils  and  other  low-pressure  piping 
with  from  100  to  150  lb.  Many  engineers 
seem  to  belittle  the  danger  of  using  the  am- 
monia machine  as  an  air  compressor. 


TESTING     NEWLY    INSTALLED     SYSTEM. 

First,  consider  the  risks  in  testing  a  new 
plant  free  from  oil  and  ammonia.  The  ma- 
chine is  new  and  has  been  turned  over  by 
hand  to  ascertain  that  the  clearance  is  right. 
Then  it  is  turned  over  with  steam,  or  with 
the  motor  if  it  happens  to  be  motor-driven. 
With  the  steam  drive  the  speed  can  be  as 
slow  as  desired,  but  with  the  motor  drive  full 
speed  is  quickly  reached.  During  this  time 
the  compressor  does  not  draw  anything  from 
the  evaporating  side,  as  an  opening  is  left  so 
that  the  air  is  simply  pulled  in  and  forced 
out.  Usually,  much  oil  is  put  into  the  com- 
pressor to  lubricate  the  valves  and  piston. 
Some  of  this  lodges  in  small  pockets  in  the 
valve  cages  and  the  globe  valves  in  the  pipes. 
After  everything  is  ready  the  machine  is 
turned  into  an  air  compressor  and  the  test 
is  begun.  A  full  stream  of  water  is  turned 
through  the  water  jackets,  and  often  a  hose 
is  fastened  to  the  discharge  line  and  water 
allowed  to  flow  over  it  to  remove  some  of  the 
heat  of  compression. 

The  machine  should  be  stopped  and  allowed 
to  cool  after  a  discharge  temperature  of  not 
over  250  deg.  F.  is  reached.  A  thermometer 
should  be  inserted  in  the  discharge  line  at  this 
time,  even  if  it  is  not  left  there  for  future 
use.  The  writer  believes  it  would  be  a  good 
thing  to  insist  on  discharge-temperature  read- 
ings being  taken  during  the  test  The  erect- 
ing engineer  should  be  instructed  as  to  what 
is  a  safe  temperature  and  should  keep  within 
that  limit.  The  oil  for  lubrication  of  the  new 
compressor  should  be  furnished  by  the  build- 
ers, to  avoid  the  danger  of  using  an  inferior 
lubricant  or  one  with  a  too  low  flash  temper- 
ature. This  will  mean  that  the  thermometers 
and  the  oil  will  be  a  part  of  the  erecting  en- 
gineer's equipment.  The  lubricant  used  in 
many  refrigerating  plants  is  good  as  far  as 
the  low-temperature  test  goes,  but  when  it 
comes  to  the  question  of  gasifying  under 
high  pressure  and  temperature,  that  is  anoth- 
er story.  The  danger  of  gas  ignition  and  the 
resultant  internal  explosion  is  not  any  greater 
in  the  old  system  than  in  the  new.  The  re- 
sult of  such  explosion  may  be  more  serious 
in  the  former,  owing  to  the  possibility  of  am- 
monia being  liberated 

SCALE    MAY     START    EXPLOSION, 

In  one  way,  the  writer  thinks,  a  new  sys- 
tem  is   more  liable  to  explosion  than  an  old 
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oiu  I  lit  tylindtr  surface  .'iiul  tht  rnovini; 
valvts  and  piston  arc  not  worn  to  a  smooth 
finish,  and  the  friction  is  therefore  K^cater. 

Minute  irregularities  in  these  surfaces  may 
easily  create  friction  which  may  cause  a  spark 
that  will  ijs'nite  the  gas  given  up  hy  the  oil 
used  for  lultrication.  In  tlie  old  compressor 
this  danger  is  not  present. 

Another  producer  of  sparks  may  he  the 
particles  of  scale  in  the  pipes.  1  lowever  well 
the  piping  is  cleaned,  there  is  some  scale  which 
becomes  loosened  and  may  find  its  way  into 
the  cylinder.  .\  small  piece  of  hard  scale,  get- 
ting between  the  piston  and  cylinder  wall,  may 
cause  a  spark.  Also  small  particles  of  scale 
and  grit  are  sent  through  the  compressor 
valves  and  the  pipe  work  at  high  si)eed.  These 
may  cause  sparks. 

SOAI'V     W.ATKR     .AS     LUBRICANT     PREVENTS     EXPLO- 
SIONS. 

There  is  one  positive  preventive  for  such 
explosions  in  testing  a  new  plant.  Do  not  use 
oil  for  lubrication.  Use  soap  and  water  or 
some  other  material  which  will  not  give  up 
a  gas  when  sul)jected  to  heat.  The  amount 
of  moisture  thus  introduced  into  the  system 
will  do  no  harm,  as  nearly  all  of  it  will  be 
caught  by  the  oil  separator  in  the  discharge 
line 

The  proper  way,  and  a  way  the  writer  be- 
lieves should  be  insisted  on,  is  the  use  of  a 
special  air  pump  for  testing  both  new  and 
old  systems.  Such  an  apparatus  can  be  made 
to  deliver  air  at  a  low  temperature,  and  thus 
do  away  with  the  danger  of  explosion. 

Where  it  is  necessary  to  use  a  motor-driv- 
en ammonia  compressor  for  pumping  the  air 
test,  it  should  be  stopped  often  and  allowed  to 
cool.  This  is  annoying  and  takes  a  little  more 
time,  but  it  is  safe.  An  hour  or  two  more  or 
less  will  not  make  any  difference  to  the  plani. 
whereas  the  bursting  of  a  cylinder,  receiver, 
valve  or  pipe  work  may  delay  the  starting  of 
the  plant   a  week  or   more. 


FUMIGATION  ABANDONED  IN  NEW  YORK 

After  a  year  of  testing  the  eflficacy  of  fum- 
igation in  cases  of  contagious  diseases  tlie 
board  of  health  has  announced  that  the  prac- 
tice of  fumigation  in  infectious  diseases  in 
Brooklyn  will  be  immediately  discontinued. 
That  means  that  fumigation  has  given  pl:ice 
to  more  advanced  methods  in  all  the  l>or- 
oughs.     In   December.   1914,   the  practice   was 


discontinued  in  Mannhattan,  the  Bronx 
Oueens  and  Richmond,  but  to  satisfy  critic* 
and  for  the  purposes  of  comparison  it  was 
contirmed  in  Brooklyn  Now  Dr.  Goldwater 
has  ordered  fumigation  discontinued  alto- 
gether During  the  period  when  the  health 
authorities  were  debating  the  efficacy  of  fumi- 
gation many  experiments  were  made.  The 
health  dei)artment  calls  attention  to  other  and 
more  elhcient  methods  of  preventing  the 
spread  of  disease,  that  is.  cleaning,  fresh  air, 
and  sunlight,  and  particularly  the  renovation 
of  premises  by  repainting  and  repapering  Dr. 
(joldwater  said  that  statistics  gathered  by  the 
department  show  that  the  discontinuance  of 
fumigation  is  justified.  These  show  that 
there  has  been  no  increase  in  the  prevalence 
of  the  various  diseases  and  that  better  and 
more  efficient  disinfection  has  been  performed 


DIRECTOR  OF  THE   BUREAU  OF  MINES 

President  Woodrow  Wilson  on  Aug.  27 
named  Mr.  Vanney  \\.  Manning,  acting  direc- 
tor of  the  V.  S.  Bureau  of  Mines,  as  director 
of  the  Bureau,  vice  Dr.  J.  A.  Holmes,  de- 
ceased. Director  Manning  is  from  Holly 
Springs.  Miss.,  and  has  been  connected  with 
the  bureau  ever  since  its  establishment.  He 
had  been  assistant  director,  and,  when  Dr. 
Holmes  was  compelled  to  relinquish  his  duties 
because  of  his  health.  Mr.  Manning  was  made 
acting  director. 


NOTES 

Ordinary  blasting  powder  is  not  affected  by 
the  cold,  but  in  warm  damp  weather  it  is  lia- 
ble to  take  up  moisture  and  thus  lose  strength. 
It  is  made  up  largely  of  nitrate  of  soda  with 
10  to  15  per  cent  sulphur  and  charcoal,  and 
contains  no  liquid  ingredient.  Ordinary  hand- 
ling and  shaking  in  transportation  does  not  af- 
fect it.  It  is  the  nitrate  of  soda  that  attracts 
the  moisture  in  the  air. 


Acetylene  gas  is  not  poisonous,  but.  like  ni- 
trogen, will  not  support  life.  One  great  ad- 
vantage of  acetylene  is  that  it  does  not  make 
smoke  or  soot.  The  spectrum  of  acet>'lene 
discloses  the  fact  that  it  is  the  closest  ap- 
proach to  sunlight  of  any  of  the  illuminants. 
l^P  to  the  present  no  safety-lamp,  using  acety- 
lene as  a  source  of  illumination,  has  been  de- 
vised for  gaseous  mines,  but  in  non-gaseous 
coal  mines  it  is  safe  to  say  that  70  per  cent 
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of    the    miners    are    now    carrying    acetylene 
lights. 


In  sinking  a  shaft  in  the  Lake  Superior  dis- 
trict it  is  asserted  that  the  speed  of  sinking 
was  increased  by  55  per  cent  by  the  use  of  a 
blasting  box.  Instead  of  using  a  long  fuse 
for  each  hole,  one  long  fuse  was  used  to  ig- 
nite the  powder  in  the  box  and  this  in  turn 
ignited  all  the  short  fuses  connecting  the 
holes  with  the  box.  This  is  a  good  idea  of 
course,  but  that  the  speed  of  shaft  sinking 
could  be  increased  55  per  cent  by  it  is  an  ab- 
surd exaggeration. 


A  substitute  for  Pumice  Stone  has  beei^ 
produced  answering  all  the  purposes  of  the 
natural  stone,  which  consists  of  a  sort  of  glass 
rendered  porous  by  expansion.  Its  constitu- 
ents are  sandstone  and  clay,  and  there  are  said 
to  be  no  fewer  than  10  different  grades  of  the 
stone  manufactured.  There  is  a  hard  and  a 
soft  kind  designed  for  the  leather,  felt  and 
wood  industries ;  another  kind  for  stucco 
workers  and  sculptors;  a  soft,  finely  grained 
variety  for  polishing  woods  and  for  tin  goods ; 
another  kind  suitable  for  the  treatment  of 
lithographic  stones ;  while  other  varieties  are 
fitted   for  various  duties. 


Gas  meters  in  New  York  are  to  be  photo- 
graphed by  meter-readers  in  the  future,  and 
the  gas  company  believes  by  adopting  this 
method  it  will  insure  an  accuracy  which  it 
is  hardly  possible  for  the  hand,  eyes  and  mind 
to  attain  in  keeping  such  records.  A  device 
has  been  invented  for  photographing  the  in- 
dicators of  the  gas  meters.  The  readers  will 
be  equipped  with  a  small  camera  and  a  spool 
of  film,  the  entire  outfit  being  not  unlike  the 
ordinary  camera.  The  camera  fits  over  the 
indicator  in  the  gas  meter  and  by  pressing  a 
button  a  flood  of  electric  light  is  thrown  on 
the  dials  and  the  exposure  is  made. 


The  United  States  leads  the  world  as  an 
exporter  for  the  first  time  in  its  history.  To- 
tal exports  for  the  fiscal  year,  ended  June  30, 
19 1 5.  aggregated  $2,768,600,000,  as  against  $2,- 
170,100,000  for  the  United  Kingdom.  This  is 
an  increase  of  17  per  cent,  for  the  United 
States  and  30  per  cent,  for  the  United  King- 
dom compared  with  last  year.  Our  exports 
I'O    years    ago.     in      1895,     were     $807,500,000, 


against  $1,391,000,000  for  the  United  King, 
dom.  Exports  of  manufacturers  from  this 
country  in  1821  were  only  $8,000,000,  but  in 
191 5   they  were  $1,166,000,000. 


A  course  of  instruction  and  training  in 
sales  engineering  has  been  organized  by  the 
Ingersoll-Rand  Company,  11  Broadway,  New 
York.  Qualified  and  approved  graduates  of 
engineering  schools,  in  classes  of  fifteen  or 
twenty,  are  distributed  and  passed  along 
through  the  factories  of  the  company,  when 
they  become  familiar  with  the  processes  of 
manufacture,  the  details  of  design,  construc- 
tion and  operation  of  the  various  apparatus 
manufactured,  the  assembling,  testing,  record 
keeping,  etc.,  and  during  the  course  attending 
also  lectures  and  specific  instruction  given  by 
the  er.gineers,  experts  and  sales  managers  of 
the  company. 


The  steamship  "Pennsylvanian,"  of  the 
American-Hawaiian  line,  recently  set  a  new 
record  for  time  of  transit  from  Philadelphia 
to  San  Francisco  via  the  Panama  canal,  mak- 
ing the  voyage  in  14  days  17  hrs.  25  min. 
The  distance  is  5,130  nautical  miles,  making 
an  average  speed  of  about  348  miles  a  day. 
The  Canal  Record  points  out  that  if  this 
vessel  had  made  the  voyage  by  way  of  the 
strait  of  Magellan,  a  distance  of  13,003  miles, 
at  the  same  speed,  the  voyage  would  have 
required  approximately  yj  days  and  8  hours, 
or  two  and  one-half  times  as  long  as  the 
trip  by  way  of  the  canal,  and  that  the  use 
of  the  canal  saved  about  5,965  bbl.  of  fuel  oil, 
which  would  cost  $4,772. 


Great  difficulty  has  been  experienced  in  the 
past  in  landing  supplies  and  mail  at  the  Scotch 
Cap  and  Cape  Sarichef  light  stations,  Alaska. 
Owing  to  the  situation  of  the  stations,  the 
condition  of  the  sea  is  very  often  unfavorable 
to  making  landings  through  the  surf  for  days 
at  a  time.  Measures  have  therefore  been  tak- 
en recently  by  the  Bureau  of  Lighthouses  for 
the  purchase  of  line-throwing  guns  for  these 
stations,  and  for  the  Cape  St.  Elias  light  sta- 
tion, Alaska,  now  in  course  of  construction. 
It  is  believed  that  these  guns  will  be  very 
useful  in  landing  mail  and  in  connection  with 
landing  supplies  and  transferring  the  keepers 
to  and  from  the  stations  during  unfavorable 
weather. 
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i-utl  specifications  and  draunnf^s  of  any  pat- 
ent tnny  be  obtained  by  sending  five  cents  (not 
stamps^  to  the  i'omniissioticr  of  f-'atcnts, 
li  ishin^lon.  IK  (  . 

AUGUST    3. 
J.14K.r.74.      flUn'KSS  Ol'"  ISOBAROMRTRICAL- 

r.Y    KILLING    VESSELS    AND    APl'ARATUS 

THIOREFOR.        Adouf      Caspark,      Rotrerdnm, 

NftluTlands. 
1.14S,r.()l-2-3.        VA(^UUM    -    PRODUCING      DK- 

VICK.      Jamks    McAlkau.   Chiciino.   III. 
1.14S,706.  MILKIN(i-MACHINE.  CHARLES 

Si.YVKSTKU    MooKK,    Diinvers.    Mass. 
1.14  8,71:?.      ASSEMBLING    -    RIG.      Wlixi\M    H. 

Paruy.    Kfiutsha,   Wis. 
1.148.738.       REGULATOR    FOR    MIXED-PHES- 

SURE  ENGINES.     Otto  Banner,  Easton.   Pa. 


M4b,U> 
ATUS 

I.I4  9,I<:!«. 


>NOMV      AIH  BKAKK     APPAR- 

!   A   \.»       (   '.         ('a».  I..*.  I'.I        f'.lMO,      Tot. 

'.     RUGH. 


AUGUST    10. 


N<;   DEVICE. 


1,  MM, 227         I 

lOUW  .M(l>      i 

).i49.2r.;{.    < 

TICK     E.     I  ' 

1.    In   an   ;i,  ,    —     . 
Ill    coinhiiiatioti    with    .'i 
lug    thciff rorii    and    a    !"■ 
Hal<l   i>ip«"   with  Haid   l»low<  j,  u: 
fh.     inl»'l    to    the    hr»ll    brr-ak'T    f. 
pr<sHiin'    of    the    air   ••nterInK    h 
.•■:iir|    pipe,    said    m«ans    b»-lng    r>' 
mil    tlw    escape    of    extraneous 
cotton  and  air  prior  to  their  entrance  to  th«  boU 
iM-eaker. 
1.14f).li54.         APPARATUS      FOR      PRODUCING 

OZONE    AND    SEF'ARATING    GASES        HOR- 

A<,'E    DUMAKS.    Gl'-n    RidKe.    N,    J. 


f 
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1.148,760.      ROCK-DRILL.      Clarence    A.    Daw- 
ley,   Plainfield.   N.  J. 
1,148,809.         AIR-COMPRESSOR.         MOHUis       C 

White,    Los   Angreles.   Cal. 
1,148,888.        PNEUMATIC      MOTOR-STARTING 
APPARATUS.      Hajirt    A.    Brooks,    tllendale, 
Cal. 
1,148,95^.  PNEUMATIC-DESPATCH       TUBE 

AND   CARRIER.      Roderick    G.    Collins,    Jr.. 
New   York.   N.   Y. 
1,149,000.  ELASTIC-FLUID        GENERATOR 

AND    MOTOR    MECHANISM.       SHERroAN     D. 
Simmons,  New   York,   N.   Y. 
1.149,132-36.       STARTING    DEVICE      FOR     IN- 
TERNAL-COMBUSTION   ENGINES.       Harry 
W.   Hamilton.   Indianapolis,  Ind. 
1.   In  combination,   an   internal  combustion  en- 
gine, a  gas  generator  which  produces  gas  under 
preesuro    sufficient    to    start    the    engine    and    in 
which  the  production  of  gas  is  controlled  by  the 
pressure    of    sucli    produced    gas,    and    a    control 
valve  for  admitting  gas   from   said  generator   to 
paid   engine. 


Hiram     A. 


1.149,259.       VALVE     MECHANISM. 

Hatfield,    Nogales.    Ariz. 
1.149,321-2-3.       METHOD     OF     AND     APPARA- 
TITS    FOR   DELIVERING    LIQUID   FUEL  TO 
OIL-ENGINES.      Charles    Whitino     Bakkr. 
Montclair.    N.   J. 

1.  The  method  of  opi.rating  liquid  fuel  engines 
consisting  in  measuring  in  separate  closed  cham- 
bers the  quantity  of  liquid  fuel  required  for  one 
workin.g  stroke  of  the  engine  at  *' :  '  '  "i  1  and 
the  quantity  of  compressed  air  re«;  r  ato- 

mizing it,  and  drawing  from  said  c;...:..-  ^  such 
a  part  of  their  contents  as  the  load  on  the  en- 
gine  requires. 

1,149.324.  COMPOUND  AIR-PUMP.  OBoaox 
W.  Baldwin  and  Philip  H.  Staplbt.  Bridge- 
port. Conn. 
1.149,;i63.  VEHICLE  AIR-SPRING.  Jona- 
than S.  t^KRKN.  Pittsburgh.  Pa. 
1.149,405.  PNEU^L■\TIC  DEVICE  FOR  FEED- 
ING FINISHING-BLANKS  TO  BOX-COV- 
ERING MACHINES.  Melville  E.  PsTKRa 
Denver.    Colo. 
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i.i4a.r.89.     AiR-cusnioMNf;     mechanism 

Luther  D.  Lovkkin.  Phllud<Ij)lila,  Pa. 
1.  In  a  Btram  enK'"'".  tt>''  combination  of  a 
roclprocating  valv»«,  a  ftiHhlonlng  piMton  atUiched 
Ihcntf).  a  cylinder  In  which  said  plHton  worku, 
a  Hource  of  prcssuro  lluid,  and  nneanH  for  lnt«'r- 
mltt«ntly  connoctlriR  tlu-  two  rnda  of  tho  cylln- 
d»'r  to  said  sourc*-  as  said  piston  moves  throuKli 
ItH  mld-stroko  position. 
1.149.638.      CENTRIFUGAL    FAN    AND    PUMP. 

Samuel  Clki.and    Davidson.   Belfast.    Ireland. 
1.149.661.       STAUTINd     DEVICE    FOR    INTER- 
NAL-COMBUSTION    ENGINES       Thomas    J 
McCarthy.    N«w    York,    N.    Y. 
1.   A     vapor     startlni?    apparntti.s     for     lnt<-mal 
combustion     tnglnes.     romprlslnff     a     liquid     fuel 
tank,  means  for  placing  a  body  of  liquid  fuel  and 
a  body  of  air  within  .''aid  tank  under  pressure,  a 
mixing  chamber  connect'Ml   by  separate  channels 
with   said   air  and   said    liquid    In    the   tank,   con- 
trolling means  for  causing  a  Jet  of  air  and  a  Jet 
of  liquid  flowing  throiigh  ."aid  channels  to  Impact 


I.l4d.&«»l  ROTARY         \ 

Wii.i.iAM    E    Hhorb.  Toror,' 
1,149.969-70        BRAKE     MErHANIoM. 

K     Tajt.    KolUxton.    .Ma>»H 
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"w\th  each  other  in  said  chamber,  and  means  for 
delivering    the    resulting    explosive    gaseous    mix- 
ture direcflv  into  the   engine  cylinders. 
1.149.709.         AIR-PRESSURE       SYSTEM       AND 
METHOD  OF  OPERATION.      William   Wal- 
lace  WoTHKRSPOON.    New    York,    N.    Y. 
1.  The    method    of    applying    air    pressures    to 
ships*  compartments  to  expel  water  from  a  leak- 
ing compartment  and  to   rt'inforce  said  compart- 
ment   against    strains    due    to    internal    pressure, 
which   method   consists   in   applying  different   de- 
grees   of    air    pressure    internally    to    the    leaking 
compartment   and  surrounding  compartments   re- 
spectively, said  pressures  being  predeterminatelV 
selected    so    that    the    leaking    compartment    will 
receive   sufflcient   pressure   to   expel   water   there- 
from, and  the  other  compartments  will  receive  a 
relatively    lower    pressure    to    reinforce    the    walls 
of   the    leaking   compartment   against   the   strains 
due    to    the    higher    pressure    therein. 
1.149.S1S-9.      APPARATUS   FOR   REGULATING 
TEMPERATITRE.   James   F.   Gallagher.   New 
Y'ork.   N.   Y. 
1,149.904.      BLOWER-FAN.      James    E.    Foster. 

Clarksburg.    Ontario,    Canada. 
1,149.939.       VACUL'M     EVAPORATING     APPA- 
RATUS.      Ezra     A.    Newhall.     Philadelphia, 
Pa. 


A.    Middlkstate.    Edl- 


anj 
ma- 


1,150. 242.  METHOD  OF  PRODUCING  A  \  Ac- 
UUM  IN  A  METALLIC-WALLED  CHAM- 
BER AND  SEALING  THE  SAME.  Freder- 
ick   W.    Bartlett,    Caldwell.    N.   J 

1.150.255.  VESSEL  -  RAISING  APPLIANCE 
Henry   Arthur  Dicks.   Mandeville.   La 

1.150.256.  CONVEYING     AND     SEPARATING 
APPARATUS.      Frank 
son.  Wash. 
A   devicf  of  the  class    '        -  :»^    »     ^ 

combination    with    a    r» 
pipe,   a   frame   movable   i, ..... 
matic  separator  provided  with  an  it 
with  outlet  tubes  for  the  air  nnd   <= 
teri.1l.    and    means    for    rota^ 
said  separator  on  said  f ram- 
may    be    readily    established    i-c «•••!.     - 
vevlng  pipe  and   the  inlet  tub«^  of  ."sald  .^ 
1,150.357.       PNEUMATIC     DRILL.       Gv 

Oilman,   Claremont.    N.    H. 
1.150.419.       FLUID-OPERABLE    FLUE-CLEAN- 
ER.     Philip   J     Darlington,    Hartford.    <"    — 
1.150.531.      PNEUMATIC   DOOR   FOR   REFRI  ; 
ERATOR-CARS.       SlOFRlD     A.     MlLLKR      Oak- 
land.  Cal. 
1.150.592       PRESSURE-FED  TOOL.      Ge  •RJE   H. 
Oilman.   Claremont.   N    H. 
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1.150,651.      AIR-LIFT   FOOT-PIECE.      NoBEL  W. 

Wood,   Brooklyn.   N.   Y. 
1.150,786.       APPARATUS    AND    METHOD    FOR 

PRODUCING  NITRIC  ACID.     Harry   Dalton 

Rankin.    Pittsburgh,    Pa. 

1.  In  an  apparatus  for  producing  nitric  acid, 
tlie  combination  of  a  vessel  adapted  to  contain 
air  under  compression,  a  liead  or  disk  operative- 
ly  mounted  therein  and  carrying  electric  conduc- 
tors conveying  current  from  a  high  tension  in- 
duction coil,  means  to  reciprocate  and  rotate  said 
head  simultaneously,  a  vessel  connected  with  said 
first  mentioned  vessel,  in  combination  with  a 
high   tension    induction   coil. 

AUGUST    24. 

1.150.866.      VOLUMETRIC    AIR-METER.      Otto 
A.    Kreutzhkro.    I..ake   Bluff.    III. 


1.151,936.  PULSATOR  FOR  PULSATORY 
TOOLS.     ARTHUR   Henry  Gibson,   Easton,  Pa. 

1.151,938.  AIR-MOISTENER.  Robert  W.  Har- 
DiE.   Larchmont.    N.   Y. 

1,152,004.  FLUID- PRESSURE  MOTOR  FOR 
DRIVING  TORPEDOES.  Georges  Henri 
Marius   Canton.    Billancourt,   France. 

1.1. '.2, 02 5.  VACUUM-CLEANER.  JULlUS  Kkl- 
i.KR  and  Joseph   H.  Templin,  Philadelphia.  Pa. 

1.152,044.  ART  OR  PROCESS  OF  LIQUEFY- 
ING AND  SEPARATING  AIR.  James  F. 
Place,   Glen   Ridge,   N.   J. 

1.  The  art  or  process  of  liquefying  atmosplier- 
ic  air  consisting  of  or  including  the  compressing 
of  air  substantially  to  or  above  its  critical  pres- 
sure, removing  the  heat  of  compression  and  ab- 
sorbing   moi.^ture    and    carbonic    acid    gas    there- 
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1,150,915.  UNLOADING  SYSTEM  FOR  AIR- 
COMPRESSORS.  Oscar  R.  Wikander,  Pitts- 
burgh.  Pa. 

1,150,950.  VACUUM  CLEANING  SYSTEM. 
F'"RANK  J.  Matchette  and  Richard  Raddatz, 
Milwaukee,    Wis. 

1,151,406.  METER  FOR  ELASTIC  FLUIDS. 
Thomas   Scott,   Birmingham,   England. 

1,151.417.  VACUUM-DRIER.  Francis  J. 
Stokes.    Philadelphia.    Pa. 

1.151,464.  SIPHON-BLOWER.  John  Law- 
rence  Houston,    Poughkeepsie,   N.   Y. 

1.151,496.  OXO-ACETYLENE  WELDING  - 
TORCH.     John  G.   Pettis,   Chicago,   111. 

1.151,510.  PERCUSSIVE  BOILER  -  TUBE 
CLEANER.  William  Burlingham.  Newport 
News,  Va. 

1.151.540.  AUTOMATIC  AIR-INTAKE  FOR 
SUBMARINES.  &c.  Allen  Hoar.  Long  Brach. 
Cal. 

AUGUST    31. 

1.151.590.  GLASS  -  MATERIAL  -  HANDLING 
APPARATUS.  Halbert  K.  Hitchcock,  Tar- 
entum.   Pa. 

1.151.591.  PNEUMATIC  SPRING.  Josef  Hoff- 
mann,   Mont   Pelerln,    Switzerland. 

1.151,595.  EXPANSIBLE  CHAMBER.  Samuel 
D.    Inoham.    Philadelphia.    Pa. 

1.151.856  VACUUM         STREET-CLEANER. 

Patrick    .^.    Rayless,   Oklahoma,   Okla. 

1.151,859.  SECTIONAL  AIR-BAG.  Jambb  P. 
Bropht.    Birmingham.   Ala. 


from ;  and  then  subjecting  the  same  consecu- 
tivel.v,  to  a  succession  of  increasingly  refrigera- 
tive  actions — 1st,  to  the  cooling  action  of  a 
counter-current  of  low-pressure  expanded  air  be- 
low the  normal  temperature ;  2nd,  to  the  refrlg- 
erative  effect  of  a  liquefied  gas  released  from 
pressure  and  evaporated  ;  3rd,  to  the  cooling  ac- 
tion of  a  counter-current  of  the  vapor  and  cold- 
expanding  gases  evaporated  from  liquid  air  of 
substantially  atmospheric  pressure ;  and  4th,  to 
the  cooling  action  direct  of  said  low-pressure 
evaporating  liquid  air — thereby  liquefying  said 
cooled  compressed  air  while  at  substantially  its 
critical  pressure. 
1.152.119-20.      ART    OR    PROCESS    OF    LIQUB- 

l^YING  AND   SEPARATING   MIXED  GASES. 

.Tames    F.   Place,   Glen   Ridge.   N.   Y. 

1.  The  art  or  process  of  liquefying  and  separat- 
ing a  gaseous  mixture,  which  comprises  compress- 
ing and  cooling  the  mix<'d  gas  ;  delivering  one  por- 
tion of  said  eompress(  d  mixed  gas  to  a  liquefier, 
and  another  portion  to  an  expansion  engine,  and 
fxpanding  the  same  therein  against  external  re- 
sistance ;  and  then  liquefying  the  gas  in  the  li- 
quefier while  under  compression  by  the  com- 
l)ined  refrigerative  effect  of  the  cold  expanded 
gas  exhausted  from  the  engine,  and  liquefied  gas 
previously  Ikjuefiod  in  said  liquefier  but  released 
from  pressure — both  said  released  liquefied  gas 
and  said  cold  expanded  gas  being  conducted  over 
said  liqiiefier  so  as  to  absorb  heat  from  but  not 
in  direct  contact  with  the  compressed  gasee  be- 
ing liquefied  therein. 
1.152,214.       BLOW-TORCH.      RoSB    M.    O.    Phil- 

I  IPS.    West    Haven,   Conn. 
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THE  MINING  ENGINEER 

BY     \V.     L.     SAUNDERS.* 

This  is  a  great  day  for  the  Institute  of 
Mining  Engineers.  We  are  glad  to  be  here. 
We  are  glad  that  we  are  alive ;  happy  in  the 
thrill  of  vitality  which  is  quickened  by  Cali- 
fornia spirit  and  by  the  elixir  of  your  glorious 
climate.  On  behalf  of  the  Institute  which  I 
represent,  I  thank  you  for  giving  us  this  day. 
In  thus  honoring  the  Institute  you  are  paying 
a  tribute  of  regard  and  appreciation  to  the 
whole  mining  industry ;  to  the  lusty  pioneer 
who  blazed  the  trail  and  whose  dry  bones  were 
the  only  monuments  to  mark  the  milestones 
of  his  progress;  to  the  educated  engineer  and 
the  capitalist  whose  skill  and  money  were 
spent  beneath  the  soil  in  daring  efforts  to 
release  the  hidden  forces  of  Nature  and  put 
them  to  the  service  of  mankind.  You  are 
paying  tribute  to  the  geologist,  the  chemist, 
and  the  metallurgist,  for  they,  too,  are  mining 
engineers  and  members  of  this  Institute. 

I  speak  of  California  as  a  mining  state: 
as  such  were  you  born.  You  received  your 
baptism  in  the  waters  of  the  South  fork  of 
the  American  river  when  Marshall  discover- 
ed gold  at  Sutter's  mill  in  1848.  This  was 
the  beginning  of  the  Golden  Age  for  Cali- 
fornia and  the  world.  The  Golden  Age  means 
more  than  the  age  of  gold;  it  is  the  age  of 
progress,  of  prosperity  and  industrial  renown 
and  wealth ;  the  age  of  railways  and  steam- 
ships, of  the  manufacture  of  steam-engines, 
of  electricity,  of  the  telephone,  the  telegraph, 
the  automobile,  the  aeroplane,  the  submarine. 


*Address  of  the  President  of  the  American 
Institute  of  Mining  Engineers,  on  Institute 
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-Ml  these  were  made  possible — yes,  they  were 
initiated  and  installed — through  means  which 
were  provided  by  the  mining  industr>'.  The 
mining  engineer  has  multiplied  and  replen- 
ished the  earth  through  subduing  it;  he  has 
released  those  forces  of  nature  which  have 
been  hidden  through  countless  ages;  he  has 
through  the  science  of  metallurgy  and  chem- 
istry made  it  economically  possible  to  widen 
and  enlarge  to  enormous  proportions  the  use 
and  influence  of  these  forces.  Look  into  the 
modern  locomotive  and  steamship  and  we 
shall  see  that  almost  every  pound  of  their 
vital  structure  is  a  product  of  the  mines. 
The  lathe  that  fashioned  the  shaft  is  itself 
a  product  of  the  mine,  and  it  gets  its  power 
to  turn  from  coal  mined  by  machines  which 
are  themselves  products  of  the  mines.  You 
may  say  to  all  this  that  the  art  of  mining 
is  as  old  as  the  hills.  Let  me  remind  you 
that  mining  at  low  cost,  mining  low-grade 
ore.  and  doing  these  things  on  a  large  scale, 
and  the  art  of  reduction  and  treatment 
through  metallurg>-.  are  the  accomplishments 
of  the  mining  engineer  of  our  time.  This 
was  the  key  which  unlocked  those  forces 
which  have  been  the  impulse  behind  the  great 
industrial  progress  of  the  world.  This.  too. 
has  all  been  accomplished  since  the  discovery 
of  gold  in  California. 

Let  us  review  some  of  the  facts  of  history. 
The  first  half  of  the  nineteenth  century  was 
a  period  marked  by  little  progress  in  industrial 
wealth.  The  world's  output  of  gold  from 
1800  to  1835  varied  from  ten  to  fifteen  mil- 
lions oi  dollars  annually.  The  yearly  product 
of  iron  during  this  period  was  only  between 
two  and  three  million  tons,  coal  less  than 
fifty  million  tons,  copper  less  than   fift>'  mil 
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lion  pounds.  There  were  no  transcontinental 
railways,  no  great  steamships,  no  battleships. 
no  factory  system  of  manufacture,  no  large 
corporations.  The  total  gold  product  of  the 
United  States  during  the  period  mentioned 
scarcely  reached  one  million  dollars  annually. 
Beginning  about  the  middle  of  the  century, 
when  California  set  the  pace  by  adding  in  a 
single  year  fiity,  and  even  eighty  millions  of 
dollars  to  the  gold  of  the  world,  there  follow- 
ed a  stead}''  and  increasing  progress  made  in 
the  output  of  iron,  coal,  and  copper.  Rail- 
way building  progressed  on  almost  parallel 
lines ;  so,  too,  did  the  deposits  in  the  banks 
of  the  United  States.  It  is  of  interest  to  note 
here  that  the  American  Institute  of  Mining 
Engineers  got  aboard  in  1871,  and  thereafter 
shared  closely  in  growth  and  prosperity  this 
march   of   industrial   progress. 

The  world's  production  of  gold  at  the  pres- 
ent time  is  over  $450,000,000  annually.  The 
United  States  alone  now  produces  over 
26,000.000  tons  of  pig-iron  annually,  and  about 
550,000,000  tons  of  coal.  The  world's  yearly 
production  of  copper  is  now  over  900,000  tons, 
and  of  this  the  United  States  produces  over 
500.000  tons.  So,  too.  we  find  that  the  average 
per  capita  wealth  of  the  people  of  the  United 
States  has  risen  from  300  in  1850  to  over 
$1300.  The  influence  of  mining  on  wealth  is 
conspicuously  shown  in  the  case  of  your 
neighbor,  the  State  of  Nevada,  where  the  per 
capita  wealth  of  her  people  is  about  $4800. 
Nevada  is,  strictly  speaking,  a  mining  state, 
with  easy  divorce  laws  to  interest  and  allure 
the  homeless  and  distracted  mining  engineer. 

California  has  added  more  than  $1,600,000- 
000  to  the  gold  supply  of  the  world.  Her  rec- 
ord average  of  over  $25,000,000  in  gold  ann- 
ually for  50  years  is  unprecedented.  It  has 
been  estimated  that  the  actual  value  of  gold 
deposits  should  be  multiplied  eight  times  to 
get  the  true  value  in  credit  and  capital:  If 
this  is  true,  then  California  has  in  her  gold 
supply  alone  contributed  over  $12,000,000,000 
to  the  capital  wealth  of  the  United  States. 

Gold  is  the  standard  of  all  values.  It  is  the 
measure  of  credit,  the  basis  of  exchanj^e, 
"Change  and  decay  on  all  around  I  see."  but 
in  gold  there  is  no  change,  no  decay.  The 
lure  of  gold  has  discovered  continents  and 
turned  deserts  into  fertile  lands.  Gold  was 
the  beaconlight  which  led  Columbus  across 
the    Atlantic.      Cortez,    Pizarro,    Balboa,    and 


others  who  ase  called  explorers  were  really 
pioneers  and  prospectors  whose  voyages  led  to 
the  early  development  of  mining  in  Peru  and 
Chile.  But  not  till  California  led  the  way  did 
the  mine  explorer  become  a  world  builder;  he 
was  the  advance  agent  of  prosperity. 

The  stability  of  this  country  in  peace  and 
in  war  is  due  mainly  to  the  mining  engineer. 
Our  industrial  strength  comes  from  the  mines, 
the  mills,  and  the  furnaces  which  are  now  so 
well  organized- on  a  peace  basis  and  which 
have  in  their  substance  all  the  sinews  of  war. 
Military  supremacy  comes  from  the  same  ele- 
ments as  industrial  supremacy :  It  is  mainly 
a  question  of  organizing  the  resources  of  the 
country.  Of  one  thing  we  may  feel  sure  and 
that  is  that  no  nation  can  ever  make  a  scrap  ' 
of  paper  out  of  a  gold  eagle. 

You  may  crush,  you  may  shatter  the  coin  if 

you  will, 
But   the   value   of   gold-dust   remains   with   it 

still. 

It  was  because  of  the  recognized  importance 
of  the  mining  and  metallurgical  industry  that 
the  American  Institute  of  Mining  Engineers 
was  organized  at  Wilkes-Barre,  Pa.,  in  1871. 
Following  the  War  of  the  Rebellion  and  coin- 
cident with  the  development  of  the  mining 
industry  in  the  far  western  states,  there  arose 
a  great  demand  for  mining  engineers.  It  was 
recognized  that  the  chief  factor  in  the  devel- 
opment of  the  Western  country  was  the  min- 
ing industry :  It  created  a  romantic  interest  < 
and  it  gave  a  stimulus  to  the  people  in  general 
and  even  to  Congress,  which  granted  large 
sul)sidies  for  railway  building.  Scientific 
schools  were  established  and  technical  jour- 
nals disseminated  engineering  'iterature;  but 
the  mining  men.  those  actual!}  engaged  in  the 
mines  and  mills  and  smelters,  were  not  organ- 
ized :  They  needed  a  common  ground  for  the 
excliange  of  ideas,  a  forum  for  discussion  and 
education  ;'  and  so  the  Institute  was  establish- 
ed. It  was  the  second  society  of  its  kind  fol- 
lowing the  organization  of  the  American  Soci- 
ety of  Civil  Engineers.  The  Transactions  of 
the  Institute  cover  geology,  assaying,  milling, 
smelting,  mining,  quarrying,  and  general  con- 
struction management.  The  papers  submitted 
at  the  meetings  cover  a  wide  field  and  are 
recognized  by  engineers  and  scientists  through- 
out the  world  as  of  significance  and  value. 

The  Institute  is  incorporated  under  the  laws 
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*)i  the  Stall-  of  Xtrw  York,  (jrganizcd  and  cx- 
istiiiK  with  tlic  object  of  promoting  the  arts 
and  sciences  connected  with  the  economic  pro- 
duction of  the  useful  minerals  and  metals 
and  the  welfare  of  those  employed  in  these 
industries  by  means  of  meetings  for  social  in- 
tercourse and  the  reading  «ind  discussion  of 
professional  papers,  and  to  circulate  by  means 
of  publications  among  its  members  the  infor- 
mation thus  obtained.  Its  membership  in- 
cludes those  who  have  worked  their  way  up 
from  the  ranks  as  well  as  graduates  from 
scientific  schools  and  colleges.  Leading  pro- 
fessors and  technical  educators  have  always 
been  prominent  in  its  membership.  The  wel- 
fare and  safety  of  the  mine-workers  is  a  sub- 
ject of  recent  and  earnest  interest  among  the 
members  and  a  new  field  of  usefulness  has 
been  developed  in  using  the  power  and  the  in- 
fluence of  the  Institute  wherever  the  industry 
represented  by  mining  and  metallurgy  or  the 
people  engaged  in  the  work  may  be  benefitted 
through  state  or  national  legislation. 

On  behalf  of  the  members  of  the  American 
Institute  of  Mining  Engineers,  numbering  now 
over  5000  and  scattered  throughout  the  world, 
I  extend  to  President  Moore,  to  San  Fran- 
cisco and  to  California,  a  full  measure  of 
warm  congratulations  and  our  best  wishes  for 
continued  and  increasing  health,  happiness, 
and  prosperity. 


THE  MANUFACTURE  OF  LIQUID  AIR* 

The  first  real  achievement  in  making  liquid, 
air  into  a  commercial  article  was  the  patent 
taken  out  by  Dr.  Carl  von  Linde  in  1895.  In 
place  of  an  expansion  cylinder  which  had 
previously  been  used  he  employed  a  simple 
expanding  nozzle,  and  made  the  cooling  effect 
obtained  by  expansion  through  this  nozzle  the 
basis  of  his  process.  The  cooling  effect  is 
very  small,  but  was  found  in  combination 
with  a  good  regenerator  to  be  quite  sufficient. 
Actually  at  17.  i  deg.  Cent,  there  is  a  drop 
in  temperature  of  0.225  deg.  Cent,  per  atmos- 
phere. 

The  action  of  the  apparatus  is  simple.  Air 
at  a  pressure  of,  say.  100  atmospheres  is 
cooled  as  far  as  possible  by  water,  and  passed 
downward  through  a  long  spiral  of  copper 
tube.  At  the  end  of  this  spiral  it  escapes 
through   the   expanding   nozzle,    and    its   tem- 
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perature  at  once  drops  by  aI)out  25  deg.  Cent. 
The  cooled  air  then  passes  up  over  the  out- 
side of  the  spiral,  and  in  its  passage  cools 
the  air  inside  the  spiral,  which  is  descending 
t(^ward  the  nozzle  The  air  arriving  at  the 
nozzle  is  therefore  colder,  and  since  the  ex- 
pansion through  the  nozzle  makes  it  colder 
still,  it  is  clear  that  a  cumulative  cooling  ef- 
fect is  obtained  which  will  reduce  the  tem- 
perature of  the  air  below  the  nozzle  further 
and  further  until  it  liquefies.  In  actual  prac- 
tice, using  a  copper  regenerator,  Linde  ob- 
tained liquid  air  after  two  hours'  running, 
one  fifth  of  a  gallon  of  liquid  air  being  then 
obtained  per  hour.  The  pressures  on  either 
side  of  the  throttle-valve  were  usually  200 
and   50  atmospheres   respectively. 

It  was  this  apparatus  which  formed  the 
basis  of  Linde's  patent  of  1895  for  extracting 
oxygen  from  air.  Since  the  boiling  point 
of  nitrogen  is  195.5  deg.  Cent.,  and  that  of 
oxygen  181. 5  deg.  Cent.,  or  14  deg.  Cent, 
lower,  it  seemed  probable  that  if  liquid  air 
was  slowly  evaporated,  its  two  constituents 
might  be  separated.  In  actual  practice  what 
happened  was  that  vapors  rich  in  nitrogen  and 
oxygen  respectively  were  given  oflF  by  two 
different  orifices,  and  by  allowing  a  rather 
large  proportion  of  the  whole  liquid  air  to 
escapp  through  the  first  or  nitrogen  orifice, 
a  gas  containing  some  50  or  60  per  cent,  of 
oxygen  was  obtained  through  the  second  or 
oxygen  outlet.  To  accomplish  the  slow  evap- 
oration an  extra  coil  of  copper  tube  was  fitted 
below  the  main  regenerating  spiral,  and  im- 
mersed in  a  small  reservoir,  containing  the 
liquid  air.  The  air  leaving  the  regenerator 
passed  into  the  small  copper  spiral,  and  gave 
up  the  remainder  of  its  heat  in  evaporating 
the  liquid  air  in  the  bath.  It  then  expanded 
through  the  nozzle,  liquefied,  and  dropped  into 
the  bath  surrounding  the  spiral.  Gradually, 
as  things  reached  a  settled  state,  the  liquid 
in  the  bath,  owing  to  the  difference  in  boiling 
points,  became  rich  in  oxygen,  while  the  va- 
pprs  passing  off  became  rich  in  nitrogen.  The 
liquid  and  the  vapor  streamed  over  different 
parts  of  the  regenerator  on  their  way  to  their 
respective  outlets,  and  the  liquid  in  its  passage 
turned  into  the  gas  rich  in  oxygen,  already 
mentioned.  A  noteworthy  economy  in  the 
process  is  the  cooling  of  the  air  approaching 
the  nozzle  by  that  wiiich  has  already  passed 
the  nozzle  and  been  liquefied. 
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Unfortunately  this  was  the  best  separation 
which  the  apparatus  could  effect,  and  pure 
oxygen  was  not  obtained  until  the  brilliant 
applicaton  by  Linde,  in  1902,  of  the  rectifying 
tower.  Other  ingenious  improvements,  giv- 
ing increased  economy,  have  since  been  made 
by  M.  Claude,  of  the  Societe  de  I'Air  Liquide, 
and  these  two  apparatus,  the  Claude  and  the 
Linde,  are  those  at  present  in  use.  M.  Claude's 
plant  is  the  more  economical  of  the  two,  but 
in  the  smaller  sizes  requires  rather  more 
constant  supervision.  There  has  been  con- 
siderable dispute,  not  altogether  edifying,  as 
to  the  merits  of  the  two  inventions,  and  the 
patents  have  been  the  subject  of  much  litiga- 
tion ;  but  there  can  be  no  doubt  that  the  two 
central  discoveries  on  which  the  whole  pro- 
cess rests — namely,  the  re-evaporation  of  the 
liquid  air  to  separate  it  into  its  constituents, 
and  the  further  separation  of  these  constitu- 
ents by  means  of  a  rectifying  tower — are  due 
to  Prof.  Linde.  These  two  inventions  are 
embodied  in  his  patents  of  1895  and  1902  re- 
spectively. On  the  other  hand,  valuable  im- 
provements, as  explained  below,  have  been 
effected  by  M.  Claude,  and  considerable  credit 
is  due  to  him  for  his  researches  in  connec- 
tion with  neon  lamps,  liquid  oxygen  explo- 
sives, and  the  production  of  exceptionally  pure 
nitrogen.  The  whole  affair,  as  regards  the 
inventions  themselves,  was  most  ably  summed 
up  and  elucidated  by  (the  then)  Lord  Justice 
Fletcher  Moulton  in  1908,  when  passing  his 
judgment  on  the  appeal  which  was  lodged  by 
the  British  Oxygen  Company  against  the 
British  Liquid  Air  Company. 

The  action  of  the  Linde  oxygen  separator 
for  producing  oxygen  of  98  to  99  per  cent  pur- 
ity will  be  understood  by  reference  to  Figs. 
I  and  2.  The  regenerator  spiral,  as  will  be 
seen  from  Fig.  2,  consists  of  three  small  pipes 
d,  inside  a  large  pipe  c,  one  of  the  smaller 
pipes  d  being  surrounded  by  a  larger  pipe  e. 
The  in-coming  air  is  conveyed  by  the  small 
pipes  d  to  the  smaller  spiral  d,  which  is  im- 
mersed in  the  liquid  oxygen  bath  B.  From 
this  spiral  rf,  the  air  passes  by  way  of  the 
throttle-valve  G  to  the  top  of  the  rectifying 
column  A.  Pure  oxygen  is  collected  at  e^  and 
passes  through  the  regenerator  by  the  pipe  e 
to  the  outlet  E.  At  F  nitrogen  containing  7 
per  cent,  of  oxygen  is  collected,  and  finds  its 
way  through  the  main  pipe  c  of  the  regener- 
ator, or  interchanger,  to  the  outlet  C;  t,  is  a 


gage  containing  a  colored  liquid  to  indicate 
the  level  of  the  liquid  oxygen  in  the  bath  5, 
and  /  and  K  are  test-cocks  communicating 
with  the  liquid  air  and  liquid  oxygen  supplies 
respectively.  L  is  an  emergency  release-valve 
on  the  low-pressure  system. 

Before  reaching  the  inlet  D,  which  commun- 
icates with  the  delivery  of  the  compressor,  the 
compressed  air  has  been  cooled  to  — 20  deg. 
Cent,  by  an  ordinary  refrigerating  plant  and 
has  been  purified  of  carbon  dioxide  by  a  slak- 
ed-lime  purifier  on  the  compressor  suction. 
The  purpose  of  the  forecooler  is  to  freeze  out 
the  atmospheric  moisture ;  and  if  a  forecooler 
is  not  used,  a  calcium-chloride  drying  tower 
must  be  placed  in  the  compressor  delivery. 
Even  these  precautions  do  not  prevent  freez- 
ing up,  so  that  the  forecooler  and  separator 
are  generally  duplicated.  In  practice,  the  sep- 
arator takes  about  six  days  to  freeze  up,  and 
the  forecooler  about  two. 

In  starting  up  the  plant,  air  at  2,000  pounds 
per  square  inch  pressure  is  admitted  at  D, 
after  being  cooled  and  purified,  and  passes 
through  the  pipes  d  and  the  spiral  d,  to  the 
throttle-valve  G,  whence  it  is  discharged  by 
the  pipe  di  to  the  top  of  the  rectifying  column 
A.  It  finds  its  way  out  by  the  collectors  F 
and  Ci,  through  the  pipes  c  and  e  of  the  re- 
generator, to  the  outlets  C  and  E.  A  step 
down  in  temperature,  owing  to  the  Joule- 
Thomson  effect,  takes  place  at  the  throttle- 
valve  G,  and  a  progressive  cooling  goes  on  till 
the  air  liquefies  and  gradually  accumulates  in 
the  reservoir  B.  The  pressure  of  admission 
is  then  reduced  by  degrees  to  the  working 
pressure  of  50  to  60  atmospheres  by  opening 
the  throttle-valve  G. 

When  the  apparatus  has  steadied  down  to 
its  work,  the  liquid  air  in  the  bath  B  is  con- 
tinuously evaporated  by  the  hotter  compressed 
air  passing  through  the  spiral  di,  the  hotter 
compressed  air  being  thereby  further  cooled 
and  liquefied.  This  is  in  accordance  with  the 
description  already  given  of  Linde's  1895  ap- 
paratus. The  vapors  coming  off  from  B  will, 
as  mentioned  in  the  same  description,  be  rich 
in  nitrogen,  while  the  liquid  remaining  will 
be  rich  in  oxygen,  owing  to  the  boiling  point 
of  the  nitrogen  being  14  deg.  Cent,  below  that 
of  oxygen.  We  have  therefore  two  opposing 
streams  in  the  rectifying  column;  a  downward 
stream  which  starts  as  liquid  air  at  81  deg. 
Cent,  absolute  at  the  top  (emerging  from  pipe 


COMPRESSED  AIR   \r\r; a/tve. 


77^3 


dj),  and  an  upward  stream  which  starts  as 
a  li(|iiid  ridi  in  nitro^fn  at  the  bottom,  bcinfi^ 
then  at  about  91.5  dcg.  Cent  absolute  (the 
boiling  point  of  oxygen). 

The  action  of  the  rectifying  tower  and  its 
baffle  plates  is  to  change  the  descending 
current  into  oxygen  of  98  to  99  per  cent, 
purity,  which  goes  off  at  the  outlet  E,  and 
to  change  the  ascending  current  into  nitrogen 
of  93  per  cent,  purity,  which  passes  through 
the  collector  F.  In  the  case  of  the  gases  as- 
cending, the  oxygen  is  constantly  finding  it- 
self in  contact  with  liquids,  whose  tempera- 
ture farther  up  the  tower  grows  lower  and 
lower.  It  therefore  condenses,  and  joins  the 
downward  stream  as  a  liquid.  At  the  same 
time,  the  nitrogen  in  the  downward  stream, 
which  starts  as  liquid  air,  coming  into  contact 
with  gases  that  grow  warmer  and  warmer 
farther  down  the  tower,  and  which  are  con- 
stantly giving  off  heat,  owing  to  the  conden- 
sation of  the  oxygen,  gradually  evaporates 
and  passes  upwards  to  the  outlet  F.  The 
final  result  is  as  stated  above;  and  there  is, 
it  will  be  seen,  at  each  stage  of  the  tower, 
Sk  constant  exchange  both  of  substance  and 
heat.  The  necessary  temperature  gradient, 
between  81  deg.  Cent,  absolute  at  the  top  of 
the  tower,  and  91.5  deg.  Cent,  at  the  bottom, 
is  obtained  by  means  of  the  Joule-Thomson 
effect  at  the  throttle-valve  G,  the  pressures 
on  the  lower  and  upper  side  of  this  being 
50  to  60  atmospheres,  and  4  pounds  to  5 
pounds  per  square  incfi  respectively.  The 
Joule-Thomson  effect  also  accounts  for  losses 
due  to  leakage  through  the  insulation  (which 
is  of  sheep's  wool  cased  in  with  timber)  and 
losses  due  to  the  inefficiency  of  the  regenera- 
tor. In  practice  it  is  found  that  the  pressure 
of  50  to  60  atmospheres  is  just  sufficient  to 
fulfill  all  these  purposes.  It  is  also  far  more 
than  is  necessary  to  liquefy  the  air  at  the 
temperature  of  91.5  deg.  Cent,  absolute,  which 
exists  in  the  oxygen  bath. 

The  action  of  Linde's  rectifying  tower  is 
similar  to.  and  based  on,  that  of  the  Coffey 
still  for  rectifying  alcohol.  In  the  Coffey  still 
the  wash,  weak  in  alcohol,  was  admitted  at 
the  top,  and  steam  was  admitted  at  the  bot- 
tom ;  while,  after  rectification,  steam  passed  off 
at  the  bottom,  and  a  vapor  rich  in  alcohol  at 
the  top.  there  being,  as  before,  an  exchange 
at  each  stage  both  of  substance  and  of  heat. 


In  Coffey's  apparatus  the  temperature  gradi- 
ent is  prorided  by  the  excess  in  temperature 
of  the  steam  over  the  weak  alcohol  wash,  and 
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it  is  in  this  respect  that  Linde's  apparatus, 
by  using  the  throttle-valve  to  give  the  neces- 
sary step-down  effect,  differs   from  Coffey's. 

It  may  be  asked,  Why  should  nitrogen  of 
only  93  per  cent,  purity  be  obtained  at  the 
top  of  the  tower?  The  explanation  of  this 
fact,  and  of  the  action  of  the  tower  itself, 
will  be  made  clearer  by  reference  to  the  ex- 
periments  made   in    1900  by   Baly,  on   the  na- 


ture of  the  evaporation  in  liquid  mixtures  of 
oxygen  and  nitrogen.  In  Fig.  3  the  Baly 
curves,  which  exhibit  the  results  of  his  ex- 
periments, are  shown.  Baly  found  that,  given 
a  mixture  of  oxygen  and  nitrogen  in  any 
definite  proportion,  equilibrium  between  the 
liquid  and  vapor  is  possible  only  when  the 
vapor  contains  a  definite  proportion  of  the 
two  constituents;  but  this  proportion  is  not 
the  same  as  that  in  the  lic^uid  mixture.  The 
curves  show  the  percentage  which  exist  in 
the  liquid  and  vapor  respectively  at  various 
absolute  temperatures.  For  instance,  if  the 
liquid  mixture  is  half  oxygen  and  half  nitro- 
gen, the  vapor  in  contact  with  it  will,  we  see 
from  the  curves,  consist  of  22  per  cent, 
oxygen  and  78  per  cent,  nitrogen.  Similarly, 
when  the  liquid  has  the  constituency  of  liquid 
air — namely,  79  per  cent,  of  nitrogen  and  21 
per  cent,  oxygen — the  proportion  of  oxygen 
in  the  vapor  coming  off  will  be  a  little  less- 
than  7  per  cent.  For  this  reason  only  nitrogen 
of  93  per  cent,  purity,  can  be  obtained  with 
the  Linde  rectifying  tower  described.  And 
it  is  also  easily  seen  that,  since  the  ascend- 
ing vapors  are  always  richer  in  oxygen  than 
they  should  be  for  equilibrium  with  the  de- 
scending liquids  which  they  meet,  there  must 
be  a  progressive  condensation  of  oxygen  from 
the  vapor,  and  evaporation  of  nitrogen  from 
the  liquid,  to  enable  that  equilibrium  to  be 
established. 

To  meet  the  demand  made  for  pure  nitrogen 
by  the  cyanamide  process,  the  Linde  appara- 
tus had  to  be  modified,  when  used  for  pro- 
ducing nitrogen,  to  the  form  shown  in  Fig. 
4,  used  in  conjunction  with  two  compressors, 
for  low  and  high  pressure  respectively.  The 
main  regenerator  spiral  C  incloses  three 
spirals,  made  from  smaller  tubing,  e,  f,  and  d. 
e  conveys  the  oxygen  collected  by  the  pipe  c, 
to  the  outlet  e.  C  conveys  pure  nitrogen  from 
the  top  of  the  tower  to  the  branched  outlet  C; 
the  pipe  d  takes  the  delivery  of  the  low  pres- 
sure compressor  to  the  liquefying  spiral  d, 
immersed  in  the  oxygen  bath  B,  and  thence 
to  the  middle  of  the  column  by  way  of  the 
throttle-valve  G,  and  the  pipe  dr,  and,  finally, 
the  pipe  /  (which  is  generally  replaced  by 
several  pipes)  takes  the  delivery  of  the  high 
pressure  compressor  to  the  liquefying  spiral 
/,,  and,  by  way  of  the  throttle-valve  H  and 
and  the  pipe  /j.  to  the  top  of  the  column.  As 
in    the    oxygen    apparatus,    a    forecooler    and 
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purifiers   are  used,  and  there   is  also  a   liquid 
gage  ;. 

The  preliminary  cooling  is  effected  either 
by  charging  the  plant  with  liquid  air  separately 
made,  or  by  compressing  air  at  2,000  pounds 
per  square  inch  into  the  pipe  /,  and,  after 
expanding  it  through  the  throttle-valve  H, 
sucking  it  back  again  through  the  pipes  C  and 
e.  In  actual  steady  operation  air  is  delivered 
from  the  low-pressure  compressor  at  60 
pounds  per  square  inch  through  pipe  d,  and 
throttled  and  discharged  by  pipe  d.,  at  the 
middle  of  the  column,  thus  rectifying  the 
vapors,  which  are  ascending  from  the  oxygen 
bath  B,  till  they  contain  only  7  per  cent,  of 
oxygen.  The  rectified  vapors  escape  by  the 
outlet  C,  and  a  part  of  them  is  taken  by  a 
branch  to  the  inlet  of  the  high-pressure  com- 
pressor. From  the  high-pressure  compres- 
sor this  portiiMi  is  delivered  to  the  pipe  /. 
and  discharged  as  a  liquid  containing  7  per 
cent,  of  oxygen  by  pipe  f-,  at  the  top  of  the 
column.  1  he  ^ffect,  according  to  Baly's 
curves,  is  to  rectify  the  ascending  vapors, 
which  have  7  per  cent,  of  oxygen  when  they 
pass  the  outlet  from  pipe  d^,  till  they  con- 
tain 2  per  cent,  of  oxygen  only.  A  part  of 
the  ascending  vapors  is  once  more  taken  from 
the  branched  outlet  to  the  inlet  of  the  high- 
pressure  compressor,   and   discharged  by  pipe 


/...  this  time  as  a  liquid  containing  only  2 
per  cent,  of  oxygen.  The  ascending  vapors 
are  thus  rectified  still  further,  till  finally  only 
pure  nitrogen  is  given  off.  Part  of  this 
nitrogen  continues  to  circulate  through  the 
high-pressure  system  for  "scrubbing"  or  rec- 
tification purposes,  but  the  major  portion  is 
collected  for  use  through  the  vertical  branch 
on  the  outlet  C.  The  oxygen  vapors  mean- 
while pass  out  by  pipes  t*,  and  e. 

The  advantages  of  Claude's  apparatus  are, 
first,  that  by  a  progressive  liquefaction  of  the 
air,  he  is  able  to  obtain  more  complete  separa- 
tion than  in  Linde's  oxygen  apparatus ;  sec- 
ondly, that  by  using  a  part  of  the  incoming  air 
to  do  work  in  an  expansion  cylinder,  he  ob- 
tains his  drop  in  temperature  more  easily,  and 
can  do  with  an  initial  pressure  of  25  to  ZS  at- 
mospheres only,  thus  doubly  economizing  in 
power.  The  saving  in  power  amounts  to  some 
20  per  cent.,  but  is  partially  counterbalanced 
by  the  complication  of  the  apparatus. 

Fig.  5  shows  the  complete  Claude  plant.  Air, 
after  purification  in  slaked  lime,  is  compressed 
and  cooled,  and  passing  through  the  calcium- 
chloride  drier  (7.  reaches  the  two  regenerators 
.«/  and  B.  The  regenerator  B.  through  which 
the  nitrogen  passes  on  its  way  to  the  outlet 
Az,  is  three  or  four  times  as  large  as  the  re- 
generator ,/.  by  means  of  which  the  oxygen 
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arrives  at  the  outlet  Ox.  The  air  at  the  bot- 
tom of  the  regenerators  has  a  temperature  of 
about  — 100  deg.  Cent.,  and  is  then  divided 
into  two  parts,  about  a  quarter  of  it  going  by 
way  of  the  pipe  T,  to  the  liquefier  L,  the  func- 
tion of  which  will  be  described  later,  and  the 
remainder  being  admitted  by  a  pipe  T2  to  the 
expansion  engine  D.  This  engine  is  used  to 
drive  a  dynamo,  and  the  lubrication  difficulty 
experienced  by  Siemens  has  been  overcome 
by  the  use  of  petroleum  ether.  During  ex- 
pansion the  temperature  of  the  air  falls  to 
about  — 170  deg.  Cent.  (103  deg.  Cent,  abso- 
lute), and  its  pressure  to  about  4  atmospheres, 
which  is  sufficient  to  liquefy  it  at  the  tempera- 
ture of  91.5  deg.  Cent,  absolute  existing  in 
the  bath  of  oxygen. 

Under  these  conditions  the  air  arrives  at  the 
vaporizer   V.     The  vaporizer  consists  of  two 
sets  of  tubes,  F  and  F,,  all  connected  at  the 
top,  but  opening  at  the  bottom  into  the  recep- 
tacles /   and  /  respectively.     Air  thus  passes 
into  /,  up  the  tubes  F,  down  the  tubes  F^,  and 
into  the  receptacle  /,  and  in  its  passage  it  be- 
comes liquefied,  the  part  liquefied  in  the  tubes 
F  draining  back  into  the  vessel  /,  and  the  part 
liquefied   in   the   tubes   F^   draining  back   into 
the  vessel  /.     Vessel   /  will  contain  a  liquid 
rich  in  nitrogen,  and  vessel  /  a  liquid  rich  in 
oxygen.    This  will  be  clear  if  we  consider  that 
since  the  liquid  condensing  on  the  sides  of  the 
central  tubes  F  is  scrubbed  by  the  up-coming 
vapor  as  it  trickles  down,  the  liquid  and  the 
vapor  may  be  said  to  be  in  such  close  contact 
as  to  be  in  equilibrium.     Hence,  according  to 
Bayly's  curves,  since  the  vapor  contains  21  per 
cent,    of    oxygen,   the   liquid   must   contain   48 
per  cent.     Of  course,  the  liquid  formed  in  the 
upper  part  of  the  central  tubes  consists  main- 
ly of  nitrogen,  but  as  it  trickles  down  the  in- 
terior of  the  tubes,  exchanges  of  heat  and  sub- 
stance take  place  between  it  and  the  ascending 
vapors,  exactly  as  in  the  rectifying  tower,  so 
that  all  the  liquid  arriving  at  the  bottom  con- 
tains 48  per  cent  of  oxygen.     To  this  draining 
back  M.  Claude  gives  the  name  of  "rctour  en 
arriere."     When  the  48  per  cent,  liquid  is  dis- 
charged  into   the   rectifying  column   at  M,   it 
naturally  produces  a  vapor  which  has  the  same 
composition    as    air     (21    per    cent,    oxygen), 
so  that  the  function  of  the  part  of  the  column 
between  M  and  M  is  to  take  out  as  much  of 
this  21  per  cent,  as  possible.     This  is  done  by 
means  of  the  liquid  from  /,  which  consists  al- 


most wholly  of  nitrogen,  and  is  discharged 
into  the  rectifying  column  at  A'^.  Thus  prac- 
tically pure  nitrogen  vapor  is  given  off  by  the 
pipe  O. 

If  this  pure  nitrogen  vapor  at  a  temperature 
of  77.5  deg.  Cent,  absolute  were  taken  direct 
to  the  interchanger  B,  it  would  make  the  air 
so  cold  that  it  would  enter  the  expansion 
engine  mostly  in  the  liquid  state.  Hence  it  is 
passed  first  through  the  liquefier  L,  and  in 
liquefying  a  part  of  the  compressed  air  the 
nitrogen  becomes  heated  itself  to  — 130  deg. 
Cent.  (143  deg.  Cent,  absolute),  and  can  safe- 
ly be  discharged  into  the  interchanger  B. 

The  compressed  air  liquefied  in  this  way  is 
expanded  through  the  valve  R  into  the  vapor- 
izer, and  is  known  as  the  "liquide  d'appoint." 
In  practice  about  one-third  of  the  air  is  dis- 
charged at  M,  and  two-thirds  at  N,  the  M 
supply,  as  stated  above,  containing  about  48 
per  cent  of  oxygen.  In  the  N  supply  the 
proportion  of  oxygen  is  only  about  6  per  cent. 
By  a  modification  of  his  apparatus,  M. 
Claude  has  been  able  to  produce  nitrogen  of 
exceptional  purity  for  the  cyanamide  work, 
such  as  is  turned  out  by  the  Linde  process  al- 
ready described.  The  tubes  F  and  Fi  in  this 
modification  are  led  into  one  common  recep- 
tacle instead  of  into  the  two  separate  reser- 
voirs /  and  /.  From  this  receptacle,  as  before, 
the  liquid  rich  in  oxygen  is  discharged  at  a 
point,  such  as  M,  into  the  rectifying  columns. 
But  the  nitrogen,  which  condenses  with  dif- 
ficulty in  the  oxygen  bath  in  the  ordinary 
apparatus,  is  taken  off  from  the  top  of  the 
tubes,  and  condensed  in  a  small  condenser  sit- 
uated about  one  quarter  or  one  third  of  the 
way  up  the  column,  where  the  temperature 
is  cold  enough.  It  is  then  discharged  as  a 
liquid  in  a  high  state  of  purity  at  the  top  of 
the  rectifying  column,  and  rectifies  the  as- 
cending nitrogen  vapor  to  such  an  extent  that 
they  reach  the  outlet  with  a  purity  of  99.8  per 
cent. 

In  conclusion,  it  is  interesting  to  note  that 
the  critical  temperature  of  air,  above  which 
it  cannot  be  liquefied,  is  — 90  deg.  Cent.  (170 
deg.  Cent,  absolute),  and  the  corresponding 
critical  pressure  is  about  40  atmospheres. 


Re-condensed  sea-water  is  the  only  avail- 
able supply  for  the  power-plant  of  the  Chile 
Copper  Co.  at  Tocopilla. 
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THE    COMPRESSOR    HOUSE, 


THE  JACKHAMER  IN  THE  CONTRACTING 
FIELD 

r.V    A.    E.    BL'ZZO. 

I  have  been  using  a  couple  of  BCR-430 
Jackhamer  drills  in  a  rather  novel  manner 
which  shall  be  described  later  on.  It  is  my 
belief  that  the  light,  hand-held  hammer  drills 
for  holes  up  to  about  six  feet  will  accomplisli 
more  drilling  footage  than  the  mounted  ma- 
chines for  several  reasons  :  Primarily,  as  no 
mounting  is  required,  there  is  no  time  lost  in 
setting  up.  With  tripod  drills  at  least  thirty 
per  cent,  of  the  working  time  is  lost  in  mov- 
ing, setting  up.  and  adjusting.  Also,  under 
most  conditions,  only  one  man  is  required  to 
operate  the  Jackhamer  drill,  as  no  helper  is 
needed  on  the  machine.  However,  as  I  will 
state  below,  due  to  extraordinary  conditions. 
I  have  put  a  helper  on  each  machine  in  going 
through  a  certain  formation.  .Again,  since 
the  Jackhamer  only  weighs  about  45  pounds, 
and  rotates  the  steel  automatically,  it  is  easy 
on  the  operators  and  they  enjoy  the  work 
more. 

For  about  the  first  600  feet  on  this  job  we 
encountered  granite,  which  was  of  a  pretty 
unift)rm  character.  This  w^is  comparatively 
light  and  easy  work  for  the  drills.  Then  we 
ran  into  a  quartzite  formation,  which  was 
extremely  hard  and  very  much  fractured. 
This  made  it  difficult  to  get  holes  to  the  re- 
quired  depth    (most   of   the   holes   were   drill- 


ed to  6  feet).  There  is  where  the  Jackhamer 
drills  showed  their  superiority  over  the  heavi- 
er i)iston  machines.  When  we  ran  into  a 
split  in  the  rock  we  simply  had  to  stop  and 
start  another  hole.  With  the  Jackhamer  it 
onh*  took  a  few  seconds  to  make  the  change, 
while  with  the  tripod  drill  it  would  have  taken 
at  least  10  minutes,  and.  in  our  case,  many 
times  it  would  have  taken  considerably  long- 
er. Also,  as  we  were  always  working  in  from 
12  to  30  inches  of  water,  it  will  readily  be 
seen  that  it  was  easier  to  handle  the  45  pound 
machine  than  to  flounder  about  with  the  heavy 
tripod  drill  weighing  five  or  six  times  as 
much,  especially  as  we  know  that  the  smaller 
machine  will  drill  as  fast  as  the  larger  one 
when  supplied  with  a  good  air  pressure.  We 
carry  about  100  pounds  air  pressure,  using 
a  10  and  loxio  in.  Ingcrsoll-Rand  straight 
line  steam  driven  compressor.  Incidentally. 
I  have  also  used  the  Jackhamers  operated  with 
steam,  and  have  found  them  very  satisfactory: 
but  I  prefer  the  economy  and  good  results 
obtained  from  the  use  of  air  for  any  large  job. 
As  the  rock  was  covered  most  of  the  dis- 
tance with  sand  and  gravel,  we  had  to  use  a 
casing  to  protect  the  collar  of  the  hole  from 
sand  washing  in.  We.  therefore,  shrunk  a 
steel  ring  loosely  on  the  collar  of  the  drill 
steel,  and  over  the  2  inch  casing.  The  ring 
was  loose  enough  on  the  collar  so  that  the 
steel  would  not  bind  in  the  hole.  We  used 
this  method  going  through  the  worst   forma- 


// 


788 


COMPRRSSED  AIR  MAGAZINE. 


FIG.    2.      DRIVING   THE   CASING. 


tion,  but  as  the  rock  was  so  badh^  fractured, 
I  had  to  put  a  helper  with  each  drill.  He 
used  a  Stillson  wrench  to  keep  the  steel  rotat- 
ing when  it  had  a  tendency  to  stick. 

Of  course,  on  account  of  these  difficulties, 
a  great  deal  of  the  men's  time  was  taken  up 
keeping  the  steel  cutting  properly,  and,  there- 
fore, the  drilling  costs  were  much  higher  than 
they  ordinarily  would  have  been,  and  it  is 
rather  difficult  t«o  arrive  at  a  definite  cost 
figure.  Yet,  taking  all  obstacles  into  consid- 
eration, I  figure  that  the  Jackhamers  have 
enabled  me  to  do  the  drilling  at  about  one- 
half  what  it  would  have  cost  me  had  I  used 
the  big  machines.  I  have  three  2^/2  in.  piston 
drills  here  but  did  not  attempt  to  use  them 
against  the  Jackhamers. 

This  is  a  private  drainage  job  designed  to 
open  up  some  fertile  agricultural  lands.  Dur- 
ing the  winter  the  temperature  was  often  20 
degrees  below  zero.  We  had  some  trouble 
with  the  hollow  steel  becoming  blocked  and 
freezing,  but  overcame  this  by  keeping  a  fire 
handy  and  thawing  it  out.  We  took  care  not  to 
heat  the  steel  enough  to  draw  the  tem$)er  out 
of  the  bits.  We  used  steel  having  the  four- 
point  cross  bits,  which  gave  sufficient  clear- 
ance for  the  cuttings.  I  find  the  steel-retain- 
ing spring  very  handy  when  withdrawing  the 
steel,  also  in  keeping  the  hole  free  by  churn- 
ing the   steel  up  and  down ;   and  the  method 
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of  kccpiiiK  tlif  linttnm  i>i  tin-  linli-  clt-ar  atid 
throwing  out  tin-  fultiiiKS  by  moans  of  ex- 
haust air,  is  achnirahU- 

My  repair  costs  have  been  ntKliKible.  My 
blacksmith  paid  particular  attention  to  having 
the  shanks  of  tlie  steel  square  for  the  piston 
to  hammer  against,  so  that  the  tendency  of 
the  ends  of  the  piston  to  chip  off  is  quite 
eliminated.  It  lias  been  my  experience  that 
even  the  much  abused  rock  drill  must  be 
treated  fairly  well  in  order  that  it  may  give 
the  best  account  of  itself. 

Aside  from  drilling  rock,  I  found  the  Jack- 
hamer  very  useful  in  the  shop.  We  made  a 
drag  line  bucket  on  which  there  was  con- 
siderable riveting  to  do.  Amongst  my  equip- 
ment I  had  another  drill  which  was  lying  idle 
in  the  shop.  In  putting  a  patch  on  the  dredge, 
the  blacksmith  had  tried  this  drill  for  driving 
the  rivets,  and,  at  the  same  time,  unknown 
to  me,  he  had  tried  one  of  the  Jackhamcrs. 
The  Jackhamer  proved  very  successful  and  he 
discarded  the  former  machine.  For  the  bucket 
job  referring  to,  the  blacksmith  made  a  tool 
with  a  smooth  surface,  analogous  to  a  blank 
rivet  snap  as  used  with  a  pneumatic  riveting 
machine.  The  operator  simply  worked  the 
Jackhamer  around  the  rivet  at  different 
angles.  We  had  air  pressure  on  the  forge  and 
then  it  was  all  one  man  could  do  to  furnish 
hot  rivets  to  keep  the  Jackhamer  going. 


A  JACKHAMBR  IN  THE  GOVERNMENT 
PRINTING  OFFICE 

BY    W.    R.     METZ.* 

The  Drill  mentioned  herein  was  purchased 
under  date  of  May  26,  1914.  and  has  been  in 
almost  daily  use  up  to  the  present  time  with- 
out having  been  sent  to  the  shop  for  repairs 
and  without  being  out  of  commission  at  any 
time. 

On  one  occasion  I  had  to  remove  a  chimney 
foundation  constructed  of  hard  brick  made  in 
cement  mortar.  This  foundation  was  twenty 
feet  square  by  ten  feet  deep  and  was  so  hard 
that  the  bricks  split  before  giving  away  at 
the  joints.  Three  drills  were  used  on  this  job. 
two  being  of  another  make,  non-rotating,  and 
one  a  Jackhamer  with  the  rotating  feature. 
The  method  used  was  to  drill  a  row  of  holes. 


*Supt.    of    Buildings,    Governinent    Printing 
Office,  Washington,  D.  C. 


then  drive  wcMkcs  into  the  hole*  and  split 
out  sections.     On  account  of  the  nece«»ily  of 

installing  new  machinery  a  new  steel  and  con- 
crete Moor  had  to  \)t  constructed  at  a  point 
directly  at)ove  the  top  of  the  chimney  \izse 
before  the  old   foundation  could  be  remo%ed» 

so  that  the  ordinary  method  of  atta  '  'c 

foundation  from  the  top  could  not  \y  •  d 

and  the  holes  had  to  Ikt  drilled  from  the  sides. 
The  refuse  material  had,  therefore,  to  \tc  tak- 
en out  of  the  basement  in  small  trucks  and 
up  an  elevator,  which  necessarily  increased 
the  cost  of  the  work.  The  entire  work  was 
done  at  a  cost  of  $15.00  per  cubic  yard,  which 
was  considered  reasonable  under  the  condi- 
tions. On  account  of  the  non-rotating  feature 
the  two  other  drills  mentioned  al>ove  required 
two  men  while  the  Jackhamer  with  its  rotat- 
ing action  required  only  one  man.  The  two 
other  drills  were  also  slower,  requiring  nearly 
twice  the  time  to  drill  a  hole  12  inches  deep 
as  did  the  Jackhamer.  The  Jackhamer  drilled 
a  2  inch  hole  in  three  minutes,  using  fifty 
pounds  air  pressure. 

This  machine  has  also  proved  useful  in 
drilling  holes  through  the  floors  and  ceilings 
of  the  building.  The  floor  construction  is  of 
concrete  and  brick  •arches,  with  a  two-foot 
space  between  the  lower  part  of  the  arch 
and  the  ceiling  below,  this  ceiling  being  cou- 
structed  of  concrete  tiles.  The  space  between 
the  tloor  and  the  ceiling  is  used  for  carrj'ing 
piping,  electric  wiring,  etc..  and  it  is.  there- 
fore, often  necessary  to  drill  a  number  of 
holes  for  installing  machinery  and  lights,  and 
the  Jackhamer  has  long  since  paid  for  itself 
in  this  work  alone.  On  floor  work  one  man 
can  drill  a  hole  through  the  floor  arch  in  two 
and  one-half  minutes,  this  arch  being  about 
ten  to  ten  and  one-half  inches  thick.  On 
ceiling  work  it  required  two  men  on  account 
of  working  on  ladders  or  staging. 

.Vnother  use  of  the  Jackhamer  is  in  replac- 
ing damaged  bars  or  rods  in  chain-grate  stok- 
ers. In  our  boiler  house  we  use  Babcock  & 
Wilcox  type  chain-grate  stokers,  the  general 
construction  being  small  grate  castings  held 
together  with  one  inch  diameter  steel  rods. 
these  rods  extending  the  full  width  of  the 
grate.  In  removing  a  damaged  casting  it  is 
only  necessary  to  drive  out  the  rod.  following 
up  the  same  with  a  new  rod.  replacing  the 
casting  with  a  new  one  and  driving  the  new 
rod  clear  through.     This  work  was   formerly 
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done  with  heavy  lead  hammers  and  took  about 
ten  minutes  to  replace  a  rod ;  the  work  is 
now  done  with  a  Jackhamer  in  about  two  min- 
utes. In  this  work  the  rotating  feature  is  not 
necessary,  but  mention  is  made  as  I  believe 
this  is  a  new  held  for  Jackhamer  use. 

One  of  the  main  features  of  the  Jackhamer 
and  one  of  its  best  features  is  that  it  can  be 
operated  by  air  as  well  as  by  steam,  and  com- 
paratively low  air  pressure  can  be  used  with- 
out serious  disadvantage.  For  example :  our 
building  is  piped  up  for  air  service  in  which 
air  is  carried  at  fifty  pounds  pressure.  It 
would  be  a  difficult  matter  to  pipe  up  a  build- 
ing with  outlets  for  hammer  drills  at  each 
floor    for    high    pressure    steam. 

This  machine  is  certainly  one  of  the  handi- 
est devices  I  know  of  for  general  use  around 
a  manufacturing  plant  and  a  machine  driven 
by  air  as  well  as  by  steam  and  with  the  ro- 
tating feature,  will  pay  for  itself  several  times 
over   in   a  single  j^ar. 


BURNING  OF  ACETYLENE  IN  MINERS' LAM  PS 

When  acetylene  gas  burns  in  air  the  gases 
given  ofT  by  the  flame  consist  of  carbon  di- 
oxide (CO2),  and  water  (H^O)  in  the  form 
of  steam,  neither  of  which  can  be  seen.  In 
burning  i  cubic  foot  of  acetylene,  2^  cubic 
feet  of  oxygen,  or  12^  cubic  feet  of  air 
(about  I  pound j,  is  required;  the  products  are 
2  cubic  feet  of  carbon  dioxide,  and  i  cubic 
foot  of  steam.  As  ordinary  air  is  a  mixture 
of  oxygen  and  nitrogen  and  contains  about 
20  per  cent,  of  oxygen,  10  cubic  feet  of  nitro- 
gen is  left  from  the  12^  cubic  feet  of  air 
needed  to  burn  the  cubic  foot  of  acetylene. 

The  ordinary  types  of  miners'  carbide  cap 
lamps  use  12  to  14  grams  (0.42  to  0.5  ounce) 
of  carbide  in  an  hour,  and  make  0. 121  to  0.144 
cubic  foot  of  acetylene  gas.  In  burning  0.144 
cubic  foot  of  this  gas,  0.36  cubic  foot  of 
oxygen,  or  1.8  cubic  feet  of  air,  is  required, 
and  there  is  given  off  b}^  the  flame  0.288  cubic 
foot    of    carbon    dioxide. 

In  one  hour  the  lamp  in  a  confined  space 
measuring  3  by  5  by  10  feet,  or  150  cubic  feet, 
would  take  from  the  air  0.36  cubic  foot  of 
oxygen,  and  add  0.288  cubic  foot  of  CO2, 
which,  added  to  the  0.006  cubic  foot  (or  0.04 
of  I  percent.)  of  CO;  in  150  cubic  feet  of  or- 
dinary mine  air,  would  total  0.294  cubic  foot, 
or  0.196  of   I  per  cent,  of  CO2.     In   10  hours 


2.88  cubic  feet  of  COo  would  be  added;  this 
added  to  the  0.006  cubic  foot  of  CO2  normally 
in  the  air  would  make  2.886  cubic  feet  of  COo, 
and  the  atmosphere  in  the  space  would  contain 
1.9  per  cent.  CO.  and  about  16  per  cent, 
oxygen. 

In  unventilated  parts  of  mines  the  diffusion 
of  the  gases  in  the  air  would  prevent  the  CO2 
from  the  lamp  becoming  a  dangerous  quantity 
during  a   working   shift. 

A  miner  at  moderate  work  draws  into  his 
lungs  about  80  cubic  feet  of  air  in  an  hour 
and  takes  from  this  air  about  3.2  cubic  feet 
of  oxygen;  he  exhales  about  2.56  cubic  feet  of 
carbon  dioxide,  or  over  8.8  times  as  much  car- 
bon dioxide  as  is  given  off  by  the  flame  of  a 
carbide  lamp. 

Miners'  Circular  18,  Bureau  of  Mines 


GUNITE  FOR  MINE  WORK 

BY    STEPHEN    ROYCE.* 

The  application  of  Gunite,  or  "Gun-crete" 
as  it  has  been  called,  to  mining  op- 
erations is  comparatively  recent.  Gunite  may 
be  defined  as  a  mixture  of  sand,  cement  and 
water  blown  on  a  solid  surface  by  compressed 
air  forcing  it  through  a  hose  and  nozzle.  An 
essential  part  of  the  gunite  coating  is  the  use 
of  some  form  of  reinforcing  wire  to  be  ap- 
plied to  the  surface  to  be  coated  before  the 
cement  is  blown  on. 

The  places  in  which  gunite  has  been  used 
on  the  Gogebic  range  are  the  Gary  "A"  shaft, 
at  Hurley,  Wis.,  and  the  i8th  level  pump 
house  of  the  Sunday  Lake  mine,  Wakefield, 
Mich. 

The  cut  shows  a  cross  section  of  "A"  shaft, 
and  a  longitudinal  section,  as  well  as  details 
of  the  method  adopted  in  applying  the  cement 
coating  and  its  reinforcing.  "A"  shaft  is  a 
steel  5-  compartment  shaft,  sunk  to  a  depth 
of  1320  ft.  in  the  quartzite.  The  steel  sets 
are  blocked  in  place  with  wooden  blocking, 
and  the  lining  of  the  shaft  consists  of  3-in. 
tamarack  plank  wedged  into  the  flanges  of  the 
I-beams,  which  form  the  wall  plates  and  the 
end  pieces. 

The  purpose  of  the  gunite  coating  in  "A" 
shaft  was,  first,  to  fireproof  the  lathing  and 
wooden  blocking;  second,  to  protect  the  lath- 


*General  Engineer,  Pickands,  Mather  &  Co., 
Gogebic  Range.  Proceedings  Lake  Superior 
Mining  Institute. 
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ing  from  contact  with  the  air  in  the  shaft,  so 
retarding  its  decay ;  third,  to  form  an  air  and 
waterproof  coating  over  the  shaft  lining,  keep- 
ing air  from  entering  the  space  between  the 
timbers  and  the  rock,  and  keeping  in  the  water 
which  is  flowing  along  in  the  same  space.  This 
last  feature  is  expected  to  retard  the  decay  of 
the  blocking  as  well  as  the  lathing  as  this  will 
be  water-logged  all  the  time.  The  gunite  coat- 
ing, by  reason  of  its  wire  reinforcement,  is 
expected  to  reinforce  the  lathing  and  partially 
take  its  place  in  the  event  of  decay  actually 
occurring.  The  coating  was  applied  not  only 
to  the  walls  of  the  shaft,  but  also  to  the  steel 
dividers,  the  intention  being  to  protect  these 
from  rust  and  incidentally  reinforce  them 
after  the  manner  of  a  reinforced  concrete 
beam. 

At  Sunday  Lake  the  purpose  was  to  fire- 
proof the  pump  house,  which  is  timbered  with 
heavy  wooden  posts,  caps  and  lagging,  and 
to  protect  the  wood  from  dry  rot,  which  at 
the  high  temperature  in  the  pump  house, 
quickly  attacks   it. 

The    application    of    the    gimite    coating    in 


"A"  shaft  was  done  in  two  experimental 
sections,  one  being  from  the  collar  of  the 
shaft  to  the  3rd  level,  the  other  from  the 
8th  to  the  loth  level.  In  the  first  the  machine 
was  placed  on  surface  and  the  hose  lead  down 
through  the  shaft  to  the  point  of  application; 
in  the  second  the  machine  was  placed  on  the 
8th  level. 

The  first  step  in  the  application  of  the  coat- 
ing was  to  clean  thoroughly  the  entire  sur- 
face to  be  covered,  which  was  done  partly 
with  water  under  heavy  compressed  air  pres- 
sure, partly  by  sand  blasting  and  partly  by 
chipping  the  rust  and  accumulated  coating  off 
the  steel.  Next  the  reinforcement  was  ap- 
plied. This  consisted  of  No.  7.  American 
Steel  &  Wire  Co.'s  triangular  mesh  reinforc- 
ing wire  for  the  side  walls. 

An  important  point  in  the  application  of  the 
reinforcing  wire  is  that  it  should  be  separated 
by  a  short  distance,  say  one-eighth  of  an 
inch,  from  the  surface  to  be  covered.  This 
is  so  that  the  cement  can  get  in  behind  the 
reinforcing  and  form  a  unit  with  it.  This 
was  accomplished  by  stapling  the  reinforcing 
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wire  on  with  nails  under  it.  The  I-beams, 
before  the  cement  was  applied,  were  covered 
with  i^j-in.  mesh  chicken  wire,  clamped  on 
with  wire  clamps.  The  dividers  were  filled 
in  completely  on  their  upper  faces  resulting  in 
their  reforcement  for  bearing  a  downward 
load.  This  increase  in  strength  we  figure  at 
nearly  20  per  cent.  The  work  progresses 
downward  and  it  was  found  best  to  coat  the 
entire  sidewalls  before  coating  the  dividers. 
The  thickness  of  the  coating  in  "A"  shaft 
was  1^2  ins.  and  it  was  found  that  the  opera- 
tor was  able  to  gauge  this  thickness  with 
astonishing  accuracy.  The  cement  was  ap- 
plied in  from  two  to  three  coats. 

The  Sunday  Lake  pump  house  was  coated 
with  i^-in.  coating  of  gunite,  over  all  the 
posts,  lagging  and  exposed  timber.  This  was 
applied  over  a  reinforcing,  consisting  of  ij.4- 
in.  mesh  chicken  wire  on  the  posts,  and  a  No. 
7  reinforcing  wire,  triangular  mesh,  on  the 
lagging   in    the   roof. 

The  results  so  far  observed  have  been  ex- 
cellent in  both  places.  In  "A"  shaft  we  have 
a  hard,  fairly  smooth,  waterproof  coating, 
which  does  not  crack  with  the  jar  of  the  shaft 
in  hoisting,  and  which  we  believe  will  greatly 
prolong  the  life  of  the  shaft  at  the  points 
where  it  has  been  used. 

An  interesting  feature  of  our  use  of  the 
cement  coating  is  the  wide  difference  be- 
tween the  temperatures  to  which  it  is  sub- 
jected. At  the  collar  of  "A"  shaft  the  cement 
is  covered  with  frost  and  subjected  to  a  tem- 
perature considerably  below  zero.  In  the  Sun- 
day Lake  pump  house  the  temperature  at  5 
ft.  above  the  floor  is  111°,  and  this  must  rise 
greatly  near  the  roof  of  the  pump  house. 

The  cost  of  lining  ''A"  shaft  as  described 
came  to  $9.2978  per  linear  foot  of  shaft.  The 
total  area  of  wall  surface  covered  was  14,- 
260.90  sq.  ft.,  the  total  area  of  steel  covered, 
measured  along  the  contact  of  the  cement  with 
the  steel  was  3749.96  sq.  ft.  The  material  used 
was  as  follows :  Sand,  i02j/4  cu.  yds. ;  cement, 
173  bbls;  reinforcing,  14.260.90  sq.  ft.;  chicken 
wire.  3749.96  ft.  Fastening  staples  and  wire 
were   also   used. 

The  work  was  accomplished  by  one  fore- 
man and  six  men  in  32  working  days.  The 
total  linear  feet  of  shaft  covered  was  263.13. 
The  Sunday  Lake  pump  house,  which  was 
done  under  especially  hard  conditions,  was 
considerably  more  expensive  per  square  foot. 


This  was  done  on  contract  by  the  Cement- 
Gun  Construction  Co.  of  Chicago.  "A"  shaft 
was  an  easy  shaft  for  the  application  for 
the  cement-gun  coating  as  there  was  com- 
paratively little  water  flowing  on  the  sur- 
face of  the  lathing  which  was  to  be  covered. 
If  the  cement  can  once  be  applied  and  can 
harden,  no  amount  of  water  will  make  any 
difficulty  thereafter,  but  there  are  consider- 
able difficulties  in  making  the  coating  stick  to 
a  wet   surface. 


GROWINQ  USE  OF  COMPRESSED  AIR  IN 
COAL  MINES 

Experience  suggests  that  there  is  a  ten- 
dency with  quite  a  number  of  colliery  engi- 
neers to  again  revert  to  the  use  of  compress- 
ed air  underground  in  preference  to  elec- 
tricity, as  it  is  being  more  generally  rec- 
ognized that  the  air  compressors  of  the  pres- 
ent day  are  a  very  different  article  from  the 
type  of  air  compressors  installed  twenty  or 
thirty  years  ago.  The  higher  efficiencies  ob- 
tained and  the  better  training  that  the  pres- 
ent-day engineers  have,  make  them  more  alive 
to  the  arrangements  they  must  provide  in 
colleries  for  the  efficient  use  of  compressed 
air.  The  plant,  therefore,  now  installed  in 
any  up-to-date  colliery  is  in  itself  better  suit- 
ed to  its  conditions,  and  the  air  which  it  may 
deliver  is  used  in  a  much  more  efficient  man- 
ner. With  these  two  leading  differences,  there 
is  no  doubt  whatever  that  there  has  been,  and 
is  likely  to  be  more  so  in  the  future,  a  ten- 
dency to  have  more  and  more  air  used  in 
underground  work,  and  especially  where  there 
is  danger  from  gas  or  other  reasons  likely 
to  cause  explosions,  such  as  may  take  place 
through  any  accident  or  other  cause  in  the 
use  of  electrical  plant  under  similar  condi- 
tions.— Colliery   Guardian,  London. 


In  the  hottest  weather  of  the  summer  there 
is  special  trouble  in  the  printing  offices  of 
the  great  newspapers  and  elsewhere.  This  is 
because  of  the  softening  of  the  gelantinous 
inking  rollers,  and  arrangements  must  be 
made  to  keep  them  cool.  An  electric  driven 
fan  ventilating  set,  built  by  the  B.  F.  Sturte- 
vant  Company,  is  proving  highly  satisfactory 
for  the  purpose  and  is  being  extinsively  em- 
ployed. 


coMrRKSSKi)  AIR  macjazinf:. 
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COMPRESSED  AIR  FOR  FINISHING  THE 
AUTOMOBILE 

r»V   GEORGE  D.    BABCOCK.* 

Ill  lino  nith  the  modern  improvements  of 
machinery  and  methods  for  mechanical  work 
there  has  heen  a  development  no  less  marked 
in  the  art  of  applying  decorative  and  protec- 
tive coatings  to  various  surfaces. 

Applying  coatings  with  an  atomizing  air 
brush  has  only  within  the  last  two  years  reached 
a  prominent  position  in  industrial  work. 
More  recently  still,  in  fact  practically  a  devel- 
opment of  the  last  >'ear,  has  come  the  process 
of  stream  (lowing  of  varnishes.  This  process 
is  the  application  of  liquid  coatings  by  means 
of  a  wide  flat  nozzle  through  which  the  coat- 
ing is  forced  to  flow  continuously  upon  the 
surface   in   a   wide   ribhon-like   stream 

*Production  Manager,  II.  II.  Franklin  Mfg 
Company.  Syracuse,  X.  V..  builder  of  the 
Franklin  automobile.  .Article  condensed  from 
Iron  Age.  Oct.  7,  191 5. 


As  in  all  new  processes  skepticism  early 
took  the  place  of  scientific  study,  and  the  ques- 
tion of  durability,  cleanliness  and  brilliancy 
were  long  debated  before  the  present  practical 
adoption  of  the  metliods.  The  virtue  of  these 
late  methods  has  been  proved  conclusively  for 
each  of  the  above-mentioned  points. 

The  protection  of  the  exposed  surface>  ui 
automobiles  from  the  elements  affecting  them 
I. as  required  most  intensive  study  since  the 
beginning  ot  the  industry.  Different  kinds 
of  soils,  as  well  as  different  conditions  of 
air,  do  not  act  alike  on  protective  coatings. 
The  continuous  exposure  of  these  coatings  on 
the  autonii^bile  requires  that  they  be  not  only 
perfectly  prepared  and  applied,  but  selected  to 
resist  the  special  destructive  influences. 

Japanning  or  painting  aluminum  surfaces 
presents  now  no  particular  problem  to  secure 
permanency  and  luster.  Steel  and  wood  have 
long  since  ceased  to  be  troublesome. 

Ten-day  rubbing  varnishes  are  dried  in  four 
and  one-iialf  hours  with  improved  luster, 
cleanliness  and  durabilitv. 
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FIG.   2.      FLAT  STREAM   CLEANS   AND  VARNISHES. 


FIG.    4.      HOOD   FOR   AIR  BRUSH    PAINTING. 


The  flowing  of  varnishes  with  the  nozzle 
method  leaves  a  coating  as  thick  as  will  ad- 
here to  the  surface. 

Air  drying  required  many  coats  relatively 
thin.  High  temperature  drying,  with  humidity 
control  and  frequent  air  changes,  gives  better 
results  by  a  thoroughly  oxidized,  tough,  thick, 
varnish  film.  After  such  drying  the  film  does 
not  seem  to  crack  or  "alligator"'  as  do  num- 
!^«rs  of  thin  air-dried  coats. 

Figs.  I  and  2  show  how  the  flowing  of  the 
automobile  body  is  done.  Brewster  green 
color  varnish  is  used  with  the  DeVillbus  Floco 
equipment.  The  top  outlines  of  the  body  are 
first  brushed,  to  prevent  spattering  on  the  in- 
terior, and  then  the  wide  flowing  nozzle  is 
passed  over  the  entire  surface  until  the  var- 
nish not  only  washes  ofif  any  dirt  upon  the 
surfaces,  but  flows  in  a  thick  uniform  coat. 
The  body  is  then  allowed  to  drip  and  after  a 
short  period  of  air  drying  is  put  into  the  dry- 
ing ovens.  Fig.  3,  which  are  heated  and  humid- 
ified   by    the    Greeflf    Engineering    Company's 


equipment.  This  varnish  coat  dries  in  four 
and  one-half  hours.  The  varnish  which  drips 
from  the  body  flows  back  through  a  filter  into 
a  retainer,  and  at  frequent  intervals  it  is  sep- 
arated by  means  of  a  De  Laval  Separator,  as 
shown  in  Fig.  i.  This  cleanses  the  varnish 
and  it  is  used  repeatedl}^  the  new  varnish  be- 
ing continuously  added  to  that  in  use.  In  the 
far  rear  of  Fig.  i  is  shown  the  so-called  rough- 
stufl^  coating  of  the  hoods  by  means  of  the 
atomizing  air  brush,  after  which  they  are  coat- 
ed In'  flowing  as  are  the  bodies. 

Fig.  4  shows  how  the  lead  coat  is  applied 
with  the  DeVillbus  atomizing  air  brush.  A 
ventilating  hood  covers  the  work  to  take  off 
the  fumes.  In  the  rear  of  the  hood  is  the 
electric  suction  fan,  and  at  the  top  of  the 
hood  may  be  seen  the  electric  lamp  en- 
closures for  close  illumination.  One  hose  to 
the  l)rush  leads  from  the  air  pressure  tank 
and    the    other    from    the    liquid    finish    to    be 
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FIG.     3.       DRYING    OVENS. 


FIG.    5.       PARTS    CARRIED    ON    TROLLEYS. 
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FIG.    6.      AXLES    CARRIED  ON    SPECIAL   BL'GGIES. 


applied.  The  air  brush  spray  is  moved  rapidly 
over  the  surface  and  gives  a  smooth  uniform 
stippled  coating.  (The  run,  as  it  is  called, 
shown  in  the  photograph,  was  due  to  the  oper- 
ator's  holding  steady   for  the   photograph.) 

Wheels  are  charged  to  an  air  brush  hood 
by  means  of  the  rolling  conveyor  as  shown 
on  each  side  of  the  hood  in  Fig.  7.  After  the 
varnish  coats  are  applied  the  wheels  are  placed 
in  a  revolving  dryer,  where  the  varnish  is 
allowed  to  set  by  air  drying.  The  uniformity 
of  the  coat  is  maintaned  by  the  continuous 
rotation  of  the  wheels.  After  air  drying,  the 
wheels    are    heat    dried    in    ovens. 

Fig.  6  shows  how  the  axles  are  finished,  all 
coats  being  given  with  the  air  brush. 

Japanning  plays  an  imporiant  part  in  the 
protective  coatings  of  an  automobile.  After 
dipping  in  the  japans,  the  parts  are  hooked 
upon  trolleys,  as  shown  in  Fig.  5,  suspended 
by  brackets  from  the  ceiling  and  allowed  to 
drip  over  the  pans.  They  are  then  run  into 
the  drying  ovens  and  baked.  The  indirect 
Gehnrich  ovens,  shown  in  this  illustration,  do 
not  allow  the  burnt  gases  to  act  upon  the 
japans.     All  products  of  combustion  are  car- 
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ROTATING    WHEELS    FOR    DRYING. 


ried  up  the  sides  of  the  ovens  in  the  tubes  as 
shown.  There  are  no  draughts  needed  in  the 
oven  to  maintain  the  burning  gas.  and  there- 
fore none  of  the  dust  from  the  room  is  carried 
into  the  oven  and  deposited  on  the  work. 


Poona  is  a  mountain  sickness  that  attacks 
people  at  an  altitude  of  11.000  ft.  in  the  Andes 
of  Argentina.  These  mountains  are  quite 
diflFerent  to  the  Sierra  Xevadas  in  North 
.\tnerica.  .\  height  of  10.000  ft.  is  tr\-ing  in 
the  .\ndes.  but  in  Mexico  this  elevation  is 
unnoticeable. 


779^ 


CO.MPRESSED  AIR  MAGAZINE. 


FIG.     I. 

THE  PNEUMATIC  TIE  TAMPER* 

BY   W.    H.   ARMSTROXG. 

We  are  probably  well  agreed  that  the  tamp- 
ing of  rock  ballast  is  the  most  ardu- 
ous and  fatiguing  of  track  work.  I 
am  to  direct  your  attention  to  a  new 
track  appliance  which  relieves  the 
track  laborer  of  his  most  strenuous 
and  unwelcome  task,  and  gives  a  bet- 
ter and  more  uniform  quality  of 
work  at  a  great  reduction  of 
cost. 

The  Pneumatic  Tie  Tamper  here 
to  be  spoken  of  is  operated  by 
compressed  air  at  ordinary  pres- 
sures, and  works  on  the  principle 
of  the  familiar  pneumatic  riveter. 
There  is  a  piston  or  hammer  which 
delivers  sharp  blows  as  rapidly  as 
tSoo  per  minute  on  the  end  of 
the    tamping    bar    or    steel    which    is 


*Condensed   from    Paper   before  the   Road- 
masters  and  Maintenance  of  Way  Association. 


inserted  in  the  nozzle  or  lower  end  and  is- 
held  in  position  by  a  secure  locking  arrange- 
ment which  prevents  its  knocking  out  and  also 
enables  the  operator  to  lift  it  from  one  posi- 
tion to  another  as  is  constantly  required  in 
the  progress  of  the  work. 

The  face  end  of  the  tamping  bar  or  steel  is 
similar  to  the  tamping  face  of  the  ordinary 
hand  tamping  bar  or  pick.  That  is  it  is,  say, 
Yi  in.  thick  and  3  in.  wide  for  heavy  rock 
ballast;  %  in.  by  3  in.  for  crushed  stone  or 
gravel,  and  iy%  in.  by  3  in.  for  cinder  or  dirt 
ballast. 

In  operation  the  face  of  the  tamping  bar 
remains  upon  the  ballast  while  the  hammer 
blows  are  showered  on  the  upper  or  shank 
end  of  the  bar,  and  the  action  is  to  shove 
what  ballast  is  covered  by  the  face  of  the  bar 
under  and  to  the  center  of  the  tie.  Then  it  is 
lifted  back  and  the  operation  is  repeated  until 
the  ballast  is  filled  solid  under  the  entire 
length  of  the  tie.  The  best  results  are  ob- 
tained by  working  the  tampers  in  pairs  or 
upon  opposite  sides  of  the  tie  at  the  same 
time  as  shown  in  Fig.  i.  The  method  in 
this  respect  is  practically  the  same  as  when 
using  the  old  tampipg  bar. 

The  tamping  machine  complete  with  the 
tamping  bar  weighs  37^2  lb.,  and  as  it  is  al- 
ways held  in  a  nearly  vertical  position  the 
weight  is  sufficient  feed  for  it  without  exer- 
tion on  the  part  of  the  operator.  The  weight 
also  absorbs  the  vibration  of  the  machine,. 
thus  making  it  very  easy  to  hold.  The  ma- 
chine has  two  handles  so  located  as  to  balance 
it  to  the  correct  height  and  position  and 
enables  the  operator  to  stand  erect  while 
working. 

The  men  like  to  use  the  machines  as  they 
find  them  much  easier  than  the  hand  tamping 
bar  or  picks.  When  I  questioned  a  track 
laborer  on  this  point,  the  other  day,  he  said, 
"I  like  best  the  machine  because  it  no  make 
me  sick  in  the  back." 

The  machine  tamping  is  much  faster  than 
hand  tamping.  Two  men  should  tamp  a  tie 
at  both  sides,  inside  and  outside  the  rail  in 
two  minutes.  It  is  more  uniform,  because  the 
blows  arc  just  the  same  all  day  long,  and,  the 
blows  being  struck  on  the  upper  or  shank  end 
of  the  bar,  it  can  be  inserted  between  switch 
points,  under  frogs  and  around  interlocking 
switches  and  do  good  and  effective  work 
where  it  is  impossible  to  tamp  properly  with 
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FIG.     2. 


hand  picks  or  bars.  Fig.  2  was  taken  in  the 
tunnel  of  the  Hudson  &  Manhattan  Railroad  in 
New  York. 

It  may  be  claimed  as  an  additional  recom- 
mendation for  the  air  tampers  that,  aside  from 
their  working  faster  and  doing  better  and 
more  uniform  work,  they  do  not  crumble  or 
break  up  the  ballast  as  badly  as  the  hand 
picks,   nor   do   they   sliver   the   ties. 

In  terminals  and  car  yards  and  at  other 
points  on  railroads  where  electro-pneumatic 
signals  are  in  use.  or  where  charging  air  lines 
are  maintained,  the  machines  can  be  operated 
successfully  from  these  air  lines  without  in- 
terfering in  any  way  with  the  signals  or  other 
work,  and  also  with  good  economy,  due  to  the 
fact  that  tlic  portable  compressor  is  dispensed 
with. 

For  outside  or  line  wi>rk  wiicre  there  is  no 
air  on  tap.  there  is  provided  a  gasoline-driven 
air  compressor  plant  which  is  self  contained 
and  self  propelled,  taking  the  place  of  a  sec- 
tion  nuitor   car   and   capable   of   being   shifted 


off  or  on  another  track  in  the  same  way.  It 
will  carry  twelve  men  at  a  maximum  speed 
of  15  miles  per  hour.  The  gasoline  engine 
is  12  h.p.  and  the  compressor  will  easily  sup- 
ply two  of   the  tamping  machines 

For  electric  railroads  and  for  street  rail- 
ways an  electric  driven  outfit  takes  the  place 
of  the  gasoline  machine. 

The  first  experiments  with  pneumatic  tam- 
pers of  this  type  were  conducted  on  the 
West  Shore  Railroad  of  the  New  York  Cen- 
tral Lines.  With  two  of  these  machines  they 
tamped  800  ft.  of  track  at  Granton  Station. 
River  Division,  and  an  equal  distance  on  paral- 
lel track  was  tamped  by  hand.  This  was  not 
an  ideal  location  for  a  trial  of  this  kind  as 
the  foundation  was  built  over  the  Ilackensack 
Meadows,  and  conseipiently  was  soft.  This 
was  before  the  portable  air  compressor  had 
been  developed  and  the  location  was  selected 
as  the  only  place  where  air  was  readily  avail- 
able. 

.\  careful  examination  of  the  two  portions 
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of  track  six  months  later  showed  the  fol- 
lowing results,  the  track  settlement  being 
noted  in  fractious  of  a  foot: 


Greatest. 

Hand  tamping   0.116 

Machine  tamping 0.063 


Least.  Av'g. 
0.018  0.067 
0.004        0.033 


It  was  found  that  it  is  not  absolutely  neces- 
sary to  clean  the  ballast  out  at  the  bottom  of 
the  tie,  as  must  be  done  when  tamping  by 
hand,  as  the  pneumatic  tampers  will  work 
down  through  the  ballast. 

Further  tests  were  made  by  the  New  York 
Central  Railroad,  employing  one  of  the  port- 
able compressors  and  two  tamping  machines, 
and  the  impressions  gained  from  the  first  test 
were  fully  confirmed.  It  was  determined  that 
the  pneumatic  tamper  is  thoroughly  practical, 
that  it  does  more  uniform,  more  lasting  and 
in  every  way  better  work  than  is  possible  to 
be  done  by  hand,  that  good  tamping  can  be 
done  in  contracted  spaces,  as  in  frogs,  inter- 
locking switches,  cross-overs,  etc,  that  it  is 
unnecessary  to  remove  tie  and  switch  rods  as 
the  tampers  work  around  them  easily,  that 
there  is  less  injury  to  the  ties  from  slivering 
and  less  crumbling  of  the  ballast. 


3- 

The  New  York  Central  purchased  twelve 
of  the  complete  portable  compressor  outfits, 
with  tamping  machines,  hose,  etc.,  and  these 
were  put  into  operation  on  several  sub-di- 
visions. A  record  was  kept  of  the  perform- 
ance of  each  plant  and  the  average  accom- 
plishment of  the  twelve  is  summarized  as  fol- 
lows : 

Hours  per  da}'  7.0 

Ties  tamped  per  day 177 

Ties  tamped  per  hour 26 

Single  track  covered  per  da\'   316.8  ft. 

Single  track  covered  per  hour  45.7  ft. 

Gasoline  used  per  hour  1.37  gals. 

Gas  Engine  oil  per  hour   0.24  pt. 

Compressor  oil   per  hour    o.  10  pt. 

The  work  performed  covered  all  classes : 
tamping  track  in  face,  tamping  while  lifting 
track  from  i  to  6in.,  tamping  cross-overs,  etc. 
Two  men  are  employed  for  the  actual  tamping 
while  a  third  man  forks  up  the  stone  and 
dresses  the  ballast.  The  latter  also  attends 
to  the  running  of  the  compressor  and  inter- 
changes with  the  others.  It  was  found  that 
three  men  thus  employed  will  do  more  and 
better  work  than  eight  to  ten  with  tamping 
picks  or  bars. 
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SMAI  T  SINKINCi  WITH  JACKMAMILkS 

HV    LKKdV    a.    I'AI.MKk.* 

At  tlu'  lilack  Oak  mine  in  the  "Soulshyvillc 
Kraiiitc"  lu-ar  the  MotluT  Lixlc,  jacklianu-rs 
have  replaced  i)ist()ii  machines  in  shaft-sinking 
with  a  rechution  of  costs,  air  consuin])tioii. 
etc.  L)elay-action  exploders  have  also  been  of 
assistance   in   sinking  this   shaft. 

To  the  miner  of  the  Mother  Lode  and  the 
adjacent  districts  "Soulshyville  granite"  con 
veys  a  meaning  that  cannc^t  be  amplified  by  a 
wordy  description.  This  rock  is  a  typical  gray 
granite,  shading  into  grano-diorite  and  con- 
taining intrusions  of  diorite.  It  is  extremely 
hard. 

The  Black  Oak  mine  is  situated  a  mile  from 
Soulshyville  in  this  granite  area  and  is  oper- 
ated through  a  shaft  which  has  just  reached 
the  1900  level,  work  on  sinking  the  sump  being 
now    in    progress. 

The  shaft  was  carried  to  the  1600  level  with 
piston  machines ;  then  it  was  decided  to  try 
jackhamers.  Inasmuch  as  a  careful  compar- 
ison of  the  work  of  the  piston  machines  in 
sinking  from  the  1500  to  the  1600  with  that 
of  the  jackhamers  in  sinking  from  the  1600  to 
the  1700  was  in  favor  of  the  latter,  the  work 
was  continued  with  the  lighter  machines.  The 
piston  drill  was  a  standard  type  of  3-in. 
machine. 

Four  men  were  used  on  a  shift  in  each  case 
— in  the  one.  on  two  piston  machines,  and  in 
the  other,  each  with  a  jackhamer — and  it  was 
found  that  the  daily  progress  was  increased 
approximately  25%  by  using  the  jackhamers. 
No  attempt  has  been  made  to  formulate  a 
comparison  of  the  air  used  but  is  is  known 
that  the  four  jackhamers  consume  less  than 
the  two  piston  machines. 

The  shaft  consists  of  two  compartments 
and  a  manway,  being  7x18  ft.  overall  and  5x15 
ft.  in  the  clear.  It  is  on  a  very  steep  incline 
which  averages  from  65  to  70  deg.  An  ideal 
round,  drilled  to  break  4^2  ft.,  is  shown  in 
the  illustration.  It  consists  of  32  holes,  two 
sets  of  cut-holes,  eight  to  a  set,  and  two  sets 
of  side  rounds  of  the  same  number.  The 
procedure  is  to  put  in  the  inner  cut-lioles, 
blast  them  and  muck  out  before  drilling  the 


*Mining  Engineer,  512  Custom  Mouse.  San 
Francisco,  Article  reprinted,  somewhat  abridg- 
ed, from  Kngineering  and  Mining  Journal. 
Oct.  9. 
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rest  of  the  round.  The  outer  cut-h<jles  and 
the  side  rounds  are  then  put  down  and.  if 
there  is  time,  as  is  usually  the  case,  another 
set  of  shallow  cut-holes  is  drilled  in  the  sump 
formed  by  shooting  the  first  series  of  cuts.  It 
has  been  found  that  this  system  of  breaking 
the  cut,  then  deepening  the  cut  and  shoot- 
ing with  the  remainder  of  the  round,  has 
increased  the  progress  of  sinkine  about  half  a 
foot  per  round. 

Drilling  and  mucking  of  the  inner  cut-holes 
is  all  done  on  one  shift  by  four  men.  The 
next  two  shifts  are  given  over  to  the  muckers 
who  clean  out  the  shaft  and  get  it  ready  for 
the  drillers.  The  mucking  shifts  consist  of 
two  muckers  and  an  engineer  for  the  donkey 
hoist  on  each  shift. 

Of  course  the  placing  of  the  holes  is  varied 
to  suit  conditions  as  they  are  found  in  the 
shaft  and  it  sometimes  happens  that  as  many 
as  25  holes  are  put  down  for  the  side  rounds 
but  the  illustration  shows  a  typical  round. 
In  all  of  the  holes  60  per  cent.  d\Tiamite  is 
used. 

The  present  arrangement  of  doing  all  drill- 
ing on  one  shift  and  mucking  on  the  other 
two  has  been  very  satisfactory.  It  calls  for 
a  total  of  10  men  including  an  engineer  on 
each  of  the  two  mucking  shifts  to  hoist  the 
broken  rock  from  the  bottom  of  the  shaft  to 
the  lOoo.  where  it  is  user  for  filling.  The 
same  headway  has  been  made  thereby  as  pre- 
viously when  there  were  four  miners  on  each 
shift,  drilling  or  mucking  as  occasion  requir- 
ed. 

The  men  are  paid  on  a  bonus  system.  The 
regular  wages  are  $3. 75  per  day  to  one  of  the 
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miners  who  acts  as  shaft  foreman,  $3.50  to 
each  of  the  other  miners  and  the  engineers, 
and  $2.75  to  the  muckers.  The  miners  each 
receive  25c.  a  day  bonus  for  every  month  in 
which  the  shaft  is  sunk  over  60  ft.  and  the 
muckers  the  same  allowance  for  every  day 
that  they  get  the  shaft  cleaned  out  on  time  for 
the  drillers  to  go  to  work. 

During  March.  19 15,  the  shaft  was  sunk 
under  the  old  arrangement  of  shifts,  four 
miners  on  each  shift  drilling  or  mucking  as 
the  case  might  be.  During  this  month  the 
cost  of  sinking  was  $35.56  per  ft.  In  April 
the  shifts  were  rearranged,  as  noted,  so  that 
all  drilling  was  done  by  miners  on  one  shift 
and  the  shaft  cleaned  out  by  muckers  on  the 
following  two  shifts.  For  the  first  week  un- 
der this  arrangement  of  shifts  the  costs  were 
brought  down  to  $27.00  per  ft.  These  are 
what  the  management  refers  to  as  "direct 
costs;"  that  is.  cost  directly  chargeable  to 
the  shaft.  They  include  timbering  and  hoist- 
ing from  the  1900  to  the  1600,  but  tramming 
on  the  1600  is  charged  to  stope  filling.  In 
view  of  the  size  of  the  shaft  and  the  extreme- 
ly hard  rock  in  which  it  is  sunk  they  can 
-only  be  regarded  as   favorable. 

Several  records  have  l^een  kept  of  the  pro- 
gress in  drilling  with  these  machines.  All 
measurements  were  taken  during  the  regular 
progress  of  shaft-sinking  and  with  one  man 
doing  all  of  the  work  in  connection  with  his 
machine ;  in  other  words  no  attempt  was  being 
made  to  establish  a  record.  Measurements 
taken  in  a  very  hard  rib  of  grano-diorite  in 
the  south  end  of  the  shaft  showed  a  drilling 
speed  of  from  1.09  to  2.13  in.  per  min.  on 
holes  from  2^2  to  5  ft.  in  depth  and  at  all 
angles  from  flat  to  nearly  vertical ;  an  average 
for  four  holes  was  1.64  in.  per  min.  Allowing 
32  holes  to  a  round,  which  is  to  break  41^  ft., 
it  will  be  seen  that  with  four  machines  there 
is  ample  time  for  shooting  the  center  cut, 
mucking  out.  drilling  the  side  rounds  and 
shallow  cut-holes.  In  this  connection  it  should 
be  borne  in  mind  that  the  actual  percentage 
of  drilling  time  is  greater  with  a  machine  of 
this  type  than  with  a  heavier  machine. 

Of  course  it  is  understood  that  the  efficiency 
of  the  jackhamer  is  not  due  to  superior  drill- 
ing speed  but  to  the  ease  with  which  it  is 
handled.  Careful  recorfls  made  at  the  Buck- 
eye-Belmont  mine  at  Tonopah  showed  that 
the   actual   ririlling  time   in    sinking  the   shaft 


with  piston  machines  was  only  160  min.  per 
8-hr.  shift.  The  men  wasted  no  time  but  they 
spent  two-thirds  of  the  shift  in  getting  ready 
to  drill  and  then  in  getting  ready  to  shoot. 
A  certain  percentage  of  this  loss,  such  as  con- 
necting ventilating  pipe,  changing  steel,  load- 
ing, etc.,  will  be  practically  constant  under 
any  conditions.  But  it  will  be  found  that  the 
greater  portion  of  the  loss  is  chargeable  to 
setting  up,  tearing  down  and  shifting  the 
machine  from  one  set-up  to  another.  All  of 
this  loss  is  avoided  with  the  jackhamer,  which 
weighs  only  40  lb. ;  and  when  the  shift  is  ready 
to  shoot,  each  man  simply  takes  his  machine 
into  the  bucket  with  him  and  the  whole  lot 
is  hoisted  away. 

At  the  Black  Oak  shaft,  ventilation  is  ac- 
complished by  an  8-in.  Sturtevant  fan  on  the 
1600  level  and  compressed  air  at  85  to  95  lb. 
by  an  Ingersoll-Rand  two-stage  compressor, 
11x9-16  in.,  belted  to  a  150-hp.  motor.  Con- 
siderable water  is  found  in  the  upper  levels 
but  the  shaft  is  dry. 

The  Black  Oak  has  also  used  the  jackham- 
ers  to  some  extent  for  drifting.  They  were 
mounted  on  the  shell  of  an  old  machine  on  a 
vertical  bar.  Two  of  them,  with  one  man  to 
each,  made  better  progress  with  less  air  than 
two  men  with  one  3-in.  piston  machine.  De- 
tailed records  of  these  trials  were  not  kept. 

DELAY   ACTION   EXPLODERS. 

In  connection  with  this  shaft  it  is  well  to 
mention  the  use  of  delay-action  exploders,  to 
which  the  management  is  inclined  to  give 
much  credit  for  the  progress  made,  inasmuch 
as  they  have  facilitated  the  firing  of  the  shots. 
The  "Ideal"  delaj'-action  exploder  consists 
of  a  detonator,  a  time-fuse — whose  length  is 
chosen  to  suit  the  position  of  the  hole — and  an 
electric  fuse-spitter  to  which  is  connected  two 
copper  wires.  The  detonator  is  placed  in  the 
cartridge  in  the  usual  manner  and  the  copper 
wires  attached  to  the  fuses  are  connected  in 
series,  each  end  of  the  series  being  run  to  a 
wooden  plug  in  a  shallow  hole  at  one  end  of 
the  shaft.  At  these  plugs  connections  are 
made  with  the  two  ends  of  an  electriclight 
line  brought  down  the  shaft  for  this  purpose. 
The  exploder  switch  is  in  a  locked  box  on 
the  1600  level,  the  key  to  the  box  being  in  the 
possession  of  the  shaft  foreman.  There  are 
no  openings  in  the  box  for  the  wires  leading 
(Concluded  on   Page  7803). 
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IHE  U.  S.  NAVAL  CONSULTIMi  BOAkD 

I  he   U.  S.   Naval  ConiultinK   Fioard  created 
by    Secretary    Daniels,    eleven    national    engi- 
neering   societies    sharing    with    him    the    re- 
sponsibility  for   its  personnel,  has  wasted  no 
time   in   getting  ready   for  active   work        *'' 
Thomas    .\.    Krlison    was   ap(K>intcd   chair r-. 
of  the  board  by  Secretary  Daniels,  the  other 
members,    with    the    societies    by    which    they 
were  designated,  are  as  follows  : 
American   Institute  of  Electrical  Engineers — 

Irank    Julian    Sprague    and    Benjamin    G. 
I^mnif . 
American    Institute  of   Mining  Engineers — 

William     L.     Saunders    and     Benjamin     B 
Thayer. 
American  Society  of  Mechanical  Engineers — 

William  LeRoy  Emmet  and  Spencer  Miller. 
American  Society  of  Civil  Engineers — 

Andrew  M.  Hunt  and  Alfred  Craven. 
American  Chemical  Society — 

W.  R.  Whitney  and  L.  H.  Baekeland. 
American  Electrochemical  Society — 

Joseph  W.  Richards  and  Lawrence  Addicks. 
Inventors'   Guild — 

Peter  Cooper  Hewitt  and  Thomas  Robins. 
American   Society  of   .Aeronautic  Engineers — 

Henry  A.  W.  Wood  and  Elmer  A.  Sperrj-. 
American  Society  of  Automobile  Engineers — 

Howard  F.  Coffin  and  Andrew  L.  Riker 
American    Aeronautical    Society — 

Mathew  B.  Sellers  and  Hudson  Maxim. 
American  Mathematical  Society — 

Robert  S.  Woodward  and  Arthur  G.  Web- 
ster. 

These  men  stand  so  high  in  their  several 
professions  that  they  accept  no  remuneration 
for  serving  their  country  in  this  capacity. 

The  first  meeting  of  the  board  was  held 
in  \\'ashington.  October  6  and  7.  and  the  fol- 
lowing officers  were  elected : 

Chairman — Thomas   A.   Edison. 

First  Vice-Chairman — Peter  Cooper  Hewitt. 

Second  \*ice- Chairman — W.  L.  Saunders. 

Secretary — Thomas  Robins. 

Mr.  Saunders  was  the  chairman  at  the 
sessions  of  the  Board  which  were  attended 
by  members  of  the  Board  only,  with  the  single 
addition  of  Mr.  M.  R.  Hutchinson,  who  was 
present  a.<  Mr.  Edison's  "ear"  and  private 
assistant. 

The  first  action  oi  the  board  was  to  change 
the  name  from  Naval  Advisor>'  Board  to  Na- 
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val  Consulting  Board,  the  change  of  title  car- 
rying with  it  the  assurance  that  the  members 
individually  and  collectively  do  not  intend  to 
force  their  advice  unasked  upon  the  Naval 
Board  proper,  but  that  thej-  stand  ready  to 
place  all  their  knowledge  at  the  disposal  of 
the   Xavy  in   consultation. 

On  October  6  President  Wilson,  at  the 
White  House,  addressed  the  board  as  follows : 

"There  is  very  little  that  1  can  say  to  you, 
except  to  give  you  a  very  cordial  welcome 
and  to  express  my  very  great  pleasure  in  this 
association  of  laymen  with  the  Government. 
But  I  do  want  to  say  this  : 

"I  think  the  whole  nation  is  convinced  that 
we  ought  to  be  prepared,  not  for  war,  but  for 
defense,  and  very  adequately  prepared,  and 
that  the  prepartion  for  defense  is  not  merely 
a  technical  matter,  that  it  is  not  a  matter  that 
the  Army  and  Xavy  alone  can  take  care  of, 
but  a  matter  in  which  we  must  have  the  co- 
operation of  the  best  brains  and  knowledge 
of  the  country,  outside  the  official  service  of 
the   Government,  as  well  as   inside. 

"For  my  part.  I  feel  that  it  is  only  in  the 
spirit  of  a  true  democracy  that  we  get  to- 
gether to  lend  such  voluntary  aid,  the  sort 
of  aid  that  comes  from  interest,  from  a 
knowledge  of  the  varied  circumstances  that 
are   involved   in   handling  a  nation. 

"I  want  you  to  feel,  those  of  you  who  are 
coming  to  the  assistance  of  the  professional 
officers  of  the  Government,  that  we  have 
a  very  serious  purpose,  that  we  have  not  asked 
you  to  associate  yourself  with  us  except  for  a 
very  definite  and  practical  purpose — to  get  you 
to  give  us  your  best  independent  thought  as 
to  how  we  ought  to  make  ready  for  any  duty 
that  may  fall  upon  the  nation. 

"I  do  not  have  to  expound  it  to  you;  you 
know  as  well  as  I  do  the  spirit  of  America. 
The  spirit  of  America  is  one  of  peace,  but 
one  of  independence.  It  is  a  spirit  that  is 
profoundly  concerned  with  peace,  1  ecause  it 
can  express  itself  best  only  in  peace.  It  is  the 
spirit  of  peace  and  good-will  and  of  human 
freedom;  but  it  is  also  the  spirit  of  a  nation 
that  is  self-conscious,  that  knows  and  loves 
its  mission  in  the  world  and  that  knows  that 
it  must  command  the  respect  of  the  world. 

"So  it  seems  to  me  that  we  are  not  working 
as  those  who  would  change  an>'thing  of  Amer- 
ica, but  only  as  those  who  would  safeguard 
everything  in  America.     I  know  that  you  will 


enter  into  conference  with  the  officers  of  the 
Navy  in  that  spirit  and  with  that  feeling,  and 
it  makes  me  proud,  gentlemen,  that  the  busy 
men  of  America — the  men  who  stand  at  the 
front  of  their  professions — should  be  willing 
in  this  way  to  associate  themselves  voluntar- 
ily with  the  Government  in  the  task  in  which 
it  needs  all  sorts  of  expert  and  serious  advice. 

"Nothing  ought  to  be  done  in  this  by  any 
single  group  of  persons ;  everything  ought  to 
be  dene  by  all  of  us,  united  together,  and  I 
welcome  this  association  in  the  most  serious 
and  grateful  spirit." 

The  first  official  recommendation  of  the  board 
is  for  the  creation  of  a  Naval  Research  Labora- 
tory, involving  a  first  investment  of  $5,000,000, 
with  annual  operating  expenses  from  $2,500,- 
000  to  $3,000,000,  which  means  that  the  labora- 
tory should  be  commensurate  with  the  U.  S. 
Navy  of  the  future. 


The  Central  Labor  Union  of  Hudson  Coun- 
ty, N.  J.,  is  taking  action  upon  the  following 
resolution :  "It  is  entirely  consistent  with 
trade  unionism  that  the  bodies  of  men  who 
were  loyal  to  the  cause  of  union  labor  should 
be  handled  by  none  but  union  men."  This  is 
interpreted  to  mean,  that  union  men  when  they 
die  will  be  laid  out  by  union  embalmers  in 
union  caskets,  carried  l)y  union  pallbearers 
to  a  hearse  with  union  horses  driven  by  a 
union  driver,  and  buried  in  a  grave  dug  by 
union  grave-diggers  or  else  cremeated  by 
union  cremators,  and  the  obituary  notice  will 
bear  the  union  label.  Then  the  work  of  the 
union   worms  will  begin. 


Gas  burners  have  been  successfully  used  in 
recent  experiments  for  the  autogenic  cutting 
of  metal  under  water.  According  to  the  Zeit- 
schrift  fiir  Saucrstoff-und  Stick  staff  Industrie 
the  process  is  very  simple.  It  is  only  neces- 
sary to  screw  over  the  point  of  the  burner  a 
bell-shaped  hood  into  which  compressed  air 
is  led  during  the  cutting.  The  water  is  thus 
forced  away  from  the  mouth  of  the  burner,  so 
that  the  flame  can  burn  freely.  It  is  said  that 
successful  experiments  with  this  new  burner 
have  been  conducted  at  Kiel.  Among  others, 
a  diver  working  at  a  depth  of  5  meters  cut 
through  a  square  piece  of  iron  with  an  edge 
60  millimeters  long  in  30  seconds. 
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{Concludt'd  from  I'aifc  7H00) 
down  the  shaft,  so  the  door  must  be  unlocked 
and  opened  before  the  wires  arc  connected  to 
their  binding  posts,  and  likewise  they  must  b<- 
disconnected  l)efore  the  door  can  be  closed 
As  a  further  precaution  the  switch  is  so  ar- 
ranged that  the  door  cannot  be  closed  unless 
the  switch  is  open. 

Thus  the  shaft  men,  after  loading  their 
holes  and  making  the  connections  to  the  light 
line  through  the  plugs,  may  leave  the  shaft 
leisurely.  When  the  1600  level  is  reached  the 
shaft  foreman  goes  to  the  switch  box,  opens 
it,  connects  the  light-line  wires  to  their  bind- 
ing posts  and  fires  the  round  by  closing  the 
switch.  Before  he  can  close  the  door  he  must 
open  the  switch  and  disconnect  the  wires. 
Missed  holes  by  this  method  are  extremely 
rare ;  and  it  is  certainly  an  improvement  over 
spitting  a  round  of  holes  with  a  candle  or 
acetylene  lamp,  with  the  smoke  so  thick  that 
one  can  hardly  see,  and  then  scrambling  hur- 
riedly into  the  bucket  or  up  the  ladder  to 
reach  a  point  of  safety. 


SCIENTIFIC    HUMIDIFICATION 

BY    J.     I.    LYLE.* 

So  far  as  I  am  aware  no  mine  has  yet  been 
humidified  on  a  scientific  basis  or  in  fact  in 
any  manner  that  has  been  successful.  Of 
those  installations  regarding  which  I  have 
accurate  knowledge,  a  few  fundamental  laws 
necessary  for  success  have  been  neglected. 

The  temperature  of  a  mine  is  fairly  con- 
stant, varying  with  the  seasons,  so  that  in 
winter  it  is  a  few  degrees  cooler  than  in  sum- 
mer, with  but  slight  fluctuations  from  day 
to  day  or  even  from  week  to  week. 

Generally  a  mine  has  sufficient  humidity 
during  the  summer  months,  because  its  tem- 
perature is  much  below  that  of  the  outside 
atmosphere.  In  winter,  however,  when  the 
outside  air  carries  but  little  water  vapor  and 
the  mine  temperature  is  much  higher,  the 
relative  humidity  is  necessarily  low. 

In  order  that  the  air  used  for  ventilation 
may  be  able  to  carry  sufficient  water  vapor 
to  humidify  the  mine,  it  must  be  heated,  either 
by  its  contact  with  the  mine  walls  or  artificial- 
ly.     The   temperature    to   which    it    is    heated 
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must  be  at  least  that  of  the  dew  point  dc»ircd 

Take  a  mine.  f<ir  iiiAtance.  with  a  Icmixra 
turc  of,  say.  (ny"  V  ,  where  a  humidity  of  >"o 
per  cent,  is  desired  with  the  outside  air  at  20* 
F  and  containing  i  grain  of  vaf>or  per  cu.  ft 
Air  at  60"  F.  and  saturated  carries  5.75  grains 
per  cu.  ft.  With  80  per  cent,  humidity,  there- 
fore, each  cubic  foot  would  have  to  contain 
80  per  cent,  of  5.75.  or  4  6  grains  Now 
saturated  air  at  50°  F.  will  just  hold  46  grains 
per  cu.  ft.  It  is  evident  from  this  that  it  is 
necessary  that  the  air  shr>uld  not  be  less  than 
54°  F.  when  the  additional  water  vapor  is 
added.  If  at  any  lower  temperature  it  could 
not  possibly  hold  the  required  amount  of 
vapor   to  give   the  80  per   cent,   humidity. 

It  must  be  borne  in  mind  that  water  can- 
not be  evaporated  unless  heat  is  added;  or  to 
state  it  in  another  way,  if  water  is  caused  to 
evaporate  in  the  presence  of  air  without  heat 
being  applied,  the  air  will  be  cooled  8°  F.  for 
every  gr^in  of  water  evaporated  per  cubic  foot. 

This  being  true,  if  the  air  entering  the  mine 
at  zero  is  raised  to  a  temperature  of  54°,  the 
only  way  the  necessary  moisture  can  be  added 
would  be  by  blowing  steam  directly  into  it 
It  is  well  known  that  the  introduction  of 
steam  directly  into  the  air  current  without 
the  production  of  fog  is  a  most  difficult  mat- 
ter, if  it  may  ever  be  said  to  be  successfully 
accomplished. 

With  the  case  under  discussion,  with  the  in- 
coming air  containing  i  grain  of  vapor  per 
cu.ft.  it  would  be  necessar\'  to  add  3.6  grains 
per  cu.ft.,  which  if  done  without  adding  heat. 
as  explained,  would  cool  the  air  to  approxi- 
mately 28"  F.  To  counteract  this  cooling 
effect  we  could  heat  the  air  to  82°  F.  and  then 
bring  it  in  contact  with  atomized  water  sprays 
and  add  the  3.6  grains  per  cu.ft..  and  as  a 
result  of  the  evaporation  it  would  be  cooled  to 
54°.  At  this  temperature  of  54°  the  air  would 
be  saturated,  but  as  it  traveled  through  the 
mine  and  its  temperature  was  raised  to  60' 
the  humidity  would  be  lowered  to  80  per  cent 
such  a  system  properly  installed  would  give 
good  results  without  any  fog  or  other  objec- 
tionable results.  A  simpler  and  more  practi- 
cal method  is  to  first  pass  the  air  used  for  ven- 
tilating the  mine  through  a  humidifier,  where 
its  temperature  is  raised  and  the  necessary 
amount  of  moisture  is  added  simultaneously. 
Such  a  machine  is  now  being  adopted  in  textile 
mills  for  cooling  and  humidifying  the  air. 
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Here  the  air  passes  through  a  dense  and 
finely  divided  water  spray,  where  it  is  saturat- 
ed. The  water  used  is  circulated  by  means  of 
a  centrifugal  pump  and  is  heated  by  the  in- 
troduction of  exhaust  steam.  Eliminator 
plates  at  the  outlets  are  used  to  separate  the 
surplus  water  from  the  air,  so  that  the  air 
is  left  perfectly  free  of  any  fog  or  other  small 
particles  of  water  that  have  not  been  evapor- 
ated. Because  of  the  recirculation  of  the 
spray  water  emploj'ed  by  this  machine,  the 
amount  of  water  required  is  small  and  is  equal 
to  that  evaporated.  This  would  never  exceed 
I  gal.  for  each  12,000  cu.ft.  of  air  used. 

The  exhaust  steam  required  to  heat  the 
spray  water  (which  in  turn  would  heat  the 
air  to  54°  F.)  would  be  i^  lb.  per  1000  cu.ft. 
of  air  handled.  Of  course,  with  a  large  ven-  ' 
tilating  fan  this  amounts  to  considerable 
steam,  but  in  most  mines  there  is  sufficient  ex- 
haust going  to  waste  to  fulfill  the  require- 
ments. 

To  summarize :  First,  it  is  necssary  that 
the  moisture  for  mine  humidification  be  in- 
jected into  the  air  after  its  temperature  has 
been  raised  to  approximately  that  of  the  mine, 
secondly,  this  moisture  must  be  added  in  such 
a  manner  as  not  to  cool  the  air  below  the 
temperature  required  to  scarry  the  desired 
vapor.  Thirdly,  the  injection  of  steam  into 
the  air  at  or  near  the  entrance  of  the  mine 
is  sure  to  produce  fog  and  cannot  add  the 
amount  of  vapor  required  owing  to  the  tem- 
perature of  the  air  being  too  low  to  carry  it. 
Fourthly,  the  humidity  of  a  mine  can  be  main- 
tained uniformly  at  a  desired  point  by  a  prop- 
erly designed  humidifier,  with  heated  spray 
water,  located  at  the  air  entrance  to  the  mine. 
Coal  Age. 


CO-OPERATION  AND  INTRRDEPENDENCE  OF 
THE  CIVIL  AND   MECHANICAL   ENGINEER 

BY   GEO.    W.    DICKIE. 

[The  following  is  an  extract  from  an  ad- 
dress by  Mr.  Dickie  as  Vice-President  of  the 
American  Society  of  Mechanical  Engineers  in 
response  to  an  address  of  welcome  to  the  So- 
ciety by  Mr.  C.  C.  Moore.  President  of  the 
San  Francisco  Exposition] 

It  is  very  fitting,  sir,  that  you  should  bid 
us  welcome  at  this  time,  as  we  are  here  like 
many  others  to  help  celebrate  the  greatest 
engineering  achievemnt  of  our  time,  the  cut- 


ting in  two  of  the  Western  Hemisphere,  join- 
ing the  two  great  oceans  of  the  world,  form- 
ing a  new  pathway  for  the  world's  commerce. 
Our  great  Exposition  that  celebrates  the  com- 
pletion of  this  great  work,  has  developed  into 
a  thing  of  wondrous  beauty,  with  you,  sir,  as 
its  guiding  head.  It  is  true  that  another  en- 
gineering society  will  naturally  claim  first 
honors  in  the  great  work  that  we  celebrate,  yet 
it  must  never  be  forgotten  that  the  civil  engi- 
neer can  not  go  very  far  in  any  work  he 
undertakes  without  the  active  help  of  the  me- 
chanical engineer.  If  he  wants  to  dig  either  a 
big  or  a  little  ditch,  and  needs  a  shovel  for  the 
purpose,  either  an  ordinary  25  lb.  hand 
shovel  or  a  fifteen  ton  steam  shovel, 
he  must  get  the  mechanical  engineer  with 
him  before  he  can  do  any  digging,  and 
at  this  time  it  is  worth  while  remem- 
bering that  nearly  all  the  great  work  carried 
out  under  the  civil  engineer  is  necessary,  be- 
cause of  what  the  mechanical  engineer  has 
been  doing.  The  great  steamships  that  origi- 
nate with  the  mechanical  engineer,  made  the 
Panama  Canal  a  necessity.  The  locomotive  en- 
gine, with  its  long  line  of  cars,  makes  necessary 
the  tunnels  and  bridges  that  the  civil  engineer 
constructs  for  their  passage.  In  fact,  nearly 
all  great  modern  works  of  which  the  civil  en- 
gineer is  so  justly  proud,  have  been  produced 
in  order  that  the  work  of  the  mechanical  en- 
gineer may  either  run  over  or  through  them. 
The  work  of  the  civil  engineer  is  more  spec- 
tacular and  more  in  the  public  eye,  thus  excit- 
ing admiration  that  is  reflected  on  the  design- 
er and  builder. 

Sailing  on  one  of  the  Hudson  River  day 
steamers,  up  that  splendid  river  about  two* 
years  ago,  I  saw  ahead  an  airy  structure  span- 
ning the  river  at  a  great  height,  looking  like 
a  huge  spider  web,  too  attenuated  in  appear- 
ance to  serve  any  practical  purpose,  but  as  the 
boat  came  nearer,  the  stability  of  this  struc- 
ture became  more  apparent,  and  admiration  of 
the  boldness  of  it  began  to  take  possession 
of  my  mind,  then  something  appeared  at 
one  end  of  this  airy  structure,  and  quickly 
took  possession  of  it  as  a  pathway  to  the 
other  side.  Here  was  the  explanation  of  it 
all.  The  mechanical  engineer  needed  the 
Poughkeepsie  Bridge  for  his  locomotive  and 
train  to  cross  the  river,  and  he  also  needed 
the  river  for  his  steanler,  and  so  we  find  as 
we     contemplate    the     work    of     these    great 
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Itraiiclics  of  engineering:,  tliat  they  are  "Use- 
less each  without  the  other."  The  one  is 
static,  that  is  engineering  in  repose,  the  other 
dynamic — engineering  in  motion,  and  they  are 
every  day  becoming  more  important  factors 
in  the  work  of  the  world.  Even  war  has  now 
become  largely  a  job  for  the  mechanical  en- 
gineer, and  seeing  that  we  can  neither  live 
comfortably,  nor  die  bravely  without  the  help 
of  the  mechanical  engineer,  his  position 
among  the  useful  elements  of  society  should 
be  improved,  so  that  he  would  occupy  a  place 
in  the  estimation  of  his  fellow  men  commen- 
surate with  the  indispensable  character  of  the 
service  he  renders  to  the  world.  I  would  not 
seek  a  higher  place  for  the  mechanical  engi- 
neer than  that  which  is  freely  granted  the 
civil  engineer,  but  it  should  not  be  lower,  and 
it  is  one  of  the  functions  of  the  Society  that 
I  represent  here  to-day,  to  help  the  mechanical 
engineer  find  his  true  place  among  the  pro- 
fessional men  of  his  time. 

To  the  6.000  members  of  this  Society,  the 
country  is  largely  indebted  for  the  position  she 
occupies  among  the  nations  of  the  earth.  That 
she  is  able  to  furnish  other  nations  with  so 
many  implements  through  which  progress  is 
made,  is  largely  due  to  the  work  accomplished 
by  members  of  this  Society.  That  the  re- 
ward that  comes  to  them  financially  is  not 
what  it  ought  to  be  is  shown  by  the  small 
percentage  of  our  members  who  have  been 
able  to  cross  the  continent,  and  see  tiie  won- 
derful dream  that  has  become  a  fact,  sir, 
under  your  direction — and  attend  the  meet- 
ings to  be  held  here.  This  is  to  be  regretted, 
but  cannot  be  helped.  Engineers  as  a  rule  do 
not  acquire  wealth,  and  perhaps  it  is  just  as 
well  for  them  that  they  don't — there  would  be 
less  good  work  done  if  it  were  better  paid 
for.  The  best  work  that  has  ever  been  done 
for  this  old,  ungrateful  world  of  ours,  was 
never  paid  for.  You  can't  do  the  things  that 
you  think  ought  to  be  done,  if  you  wait  for  a 
contract  insuring  pay  before  you  do  them. 
Many  noble  engineers  still  do  the  things  they 
love  to  do  without  any  thought  of  pay.  and 
so  long  as  that  is  the  case,  we  can  well  be 
proud  of  our  profession.  The  present  Presi- 
dent of  this  Society  is  a  splendid  example 
of  the  character  of  man  I  refer  to.  It  has 
often  been  said  of  the  family  I  belong  to, 
that  they  would  rather  build  ships  and  starve. 
than   do   anything  else   and   become   rich,   and 


I  trust  they  will  continue  in  that  frame  of 
mind. 

DEOLEIZER 

1  his  is  a  word  which  has  not  yet  found  its 
place  in  the  dictionary.  It  represents  an  ap- 
paratus for  removing  oil  from  c  '  '! 
steam    or    from    any    water    in    whici  :s 

emulsified.  It  is  in  a  class  by  itself  entirely 
removerl  from  the  so-called  oil  separators  It 
takes  out  all  the  oil  (^  which  no  mechanical 
straining  or  filtering  can  do)  so  that  the  water 
will  even  be  drinkable  or,  without  any  other 
treatment,  can  be  used  directly  for  the  manu- 
facture of  ice. 

Advantage  is  taken  of  the  phenomenal  affin- 
it}'  for  oil  of  a  novel  composite  material, 
which  has  been  named  oleite.  This  is  not  an 
invention  but  a  discovery.  It  is  of  a  mineral 
character  and  resembles  granulated  charcoal 
or  old-fashioned  black  gunpowder,  but  is  very 
ditferent  from  either.  A  mass  of  this  material 
is  suspended  in  a  wire  basket  within  the  deol- 
eizer  and  the  pipes  are  constructed  so  that  the 
water  will  flow  through.  An  ordinary  filter 
charged  with,  say,  sand,  charcoal  or  bone- 
black,  is  dependent  for  its  capacity  and  effi- 
ciency almost  entirely  upon  its  surface  area, 
which  is  not  the  case  with  oleite.  The  voids 
are  large  in  it.  the  oily  water  penetrates  all 
through  the  mass,  and  the  deposition  of  oil 
is  substantially  as  effective  within  the  body  of 
the  material  as  on  the  surface.  When  the  oleite 
is  approximately  saturated  or  clogged  with  oil 
it  can  be  renewed  over  and  over  again  by 
dumping  into  a  steel  tray  and  heating  to  red- 
ness over  a  furnace  fire,  this  merely  burning^ 
out  all  the  oil. 

The  deoleizer  is  being  installed  entirely  upon 
specific  guarantees  of  performance,  and  it  al- 
ready has  a  great  record  of  savings,  especially 
in  connection  with  the  boiler  feeds  of  large 
plants.  A  very  convincing  circular  and  full 
information  on  the  deoleizer  is  supplied  by 
Williams  Andrews.  Inc..  120  Liberty  St..  X 
V.  City. 


NOTES 

Uniformity  of  burning  speed  is  a  desirable 
quality,  but  fuse  that  burns  in  the  open  air 
with  a  maximum  variation  of  10  per  cent,  up 
or  down  from  standard,  is  within  reasonable 
limits.      The    generally    accepted    speed    is   90 
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seconds  per  yard,  or  25  minutes  per  50  ft. 
This  is  fast  enough  to  preserve  a  fair  degree 
of  regularity,  and  slow  enough  to  produce 
quiet  burning. 


Heat  increases  the  speed  of  hardening  con- 
crete. Setting  by  steam  has  been  success- 
fully employed  in  constructing  the  27-mile 
concrete  pipe  line  from  Sooke  Harbor  to 
Vancouver  B.  C.  The  pipe  is  constructed  in 
sections,  each  section  being  immersed  in  live 
steam  for  24  hours,  the  steam  causing  the 
concrete  to  set  as  well  as  would  otherwise 
be  obtained  by  a  month's  exposure  to  the  air 
at  ordinary  temperatures. 


The  Minnesota  ranges  are  still  producing 
more  iron  ore  than  is  produced  in  the  rest  of 
the  States  together,  having  furnished  52.96  per 
cent  of  the  total  for  the  United  States  in  1914, 
as  compared  with  62.37  per  cent  in  1913.  The 
Lake  Superior  district,  comprising  all  the 
mines  in  Minnesota  and  Michigan  and  those 
in  northern  Wisconsin,  mined  33,540,403  tons 
in  1914,  or  80.94  per  cent  of  "the  total  produc- 
tion. 


Attention  is  called  to  the  fact  that  when 
using  the  oxy-actylene  flame  for  welding  the 
temperature  is  so  great  as  to  cause  the  vapor- 
ization of  some  metals ;  and  as  the  operator 
has  to  hold  his  head  quite  close  to  the  work 
he  must  necessarily  inhale  some  of  these  me- 
tallic fumes,  with  possible  injury  to  his  health. 
It  is  suggested  that,  as  the  operator  must  wear 
colored  goggles  in  any  case  to  protect  his 
eyes  from  the  intense  light,  it  might  be  well 
to  combine  these  in  a  helmet  that  would  pro- 
tect his  lungs. 


Anyone  can  understand  the  application  of 
good  sense,  good  will  and  system  in  mills 
and  factories,  but  no  American  can  approve 
any  plan  that  lessens  the  responsibility  of  the 
individual  by  turning  him  into  a  machine. 
That  is  not  real  progress,  even  though  it  may 
enable  some  shop  to  get  out  a  few  more  bolts 
at  a  reduced  price.  The  word  "efficiency"  has 
thus  been  overworked.  It  bids  fair  to  be- 
come so  offensive  as  to  drive  us  into  a  reac- 
tion against  all  activity  that  concerns  itself 
with  materials,  unless  the  soul  goes  with  it. 
—Jra  N.   Mollis. 


Many  American  railroads  are  obliged  to 
use  heavy  envelopes  of  large  size  for  trans- 
mitting papers  from  one  department  to  an- 
other, and  this  entails  considerable  expense 
As  it  is  not  usually  necessary  to  seal  these 
envelopes,  and  they  are,  therefore,  not  sub- 
ject to  mutilation,  it  has  been  found  pos- 
sible to  use  these  envelopes  a  number  of 
times ;  and  to  facilitate  the  process,  and  to 
insure  the  economy,  lines  are  printed  on  the 
face  of  the  envelope  for  a  dozen  addresses, 
each  being  crossed  off  after  it  has  served  its 
purpose. 


A  "smoke  tintometer"  has  been  devised  to 
be  used  in  determining  at  any  time  or  place 
the  degree  of  smokiness  of  the  atmosphere. 
It  consists  of  a  tube  with  a  single  eye-piece 
and  two  object  openings.  One  of  these  open- 
ings is  clear  while  in  front  of  the  other  is  a 
rotatable  diaphragm  in  which  are  set  five 
discs  of  glass,  one  clear  and  the  others  with 
various  tints  corresponding  with  the  standard 
tints  of  a  "smoke-chart."  In  judging  smoky 
air  the  diaphragm  is  turned  until  the  tinted 
glass  approximately  coincides  in  darkness  with 
the  air  seen  through  the  clear  aperture. 


As  soon  as  the  war  comes  to  a  close  on 
the  other  side  of  the  water  there  is  going  to 
be  a  shortage  of  cutters  and  carvers  in  this 
country.  It  is  time  for  the  wise  business  men 
to  provide  the  labor  saving  equipment  of 
pneumatic  tools  and  every  other  labor  saving 
device,  so  as  to  be  in  a  position  to  maintan 
the  business  short  handed,  for  such  a  condition 
is  sure  to  arise. — American  Stone  Trade. 


Citizens  of  the  new  town  of  Anchorage,  the 
Cook's  inlet  headquarters  for  the  Alaska  En- 
gineering Commission,  have  begun  prepara- 
tions to  create  a  model  village,  following  the 
completion  of  the  government's  first  sale  of 
town  lots.  Out  of  1,178  lots  offered,  635  were 
sold  for  a  total  of  $147,235.  Anchorage  is  to 
be  made  a  model  town  in  every  respect.  J.  A. 
Moore,  manager  of  the  town,  for  the  govern- 
ment, is  mayor.  He  has  issued  strict  rules  re- 
garding building  and   sanitation. 


Charles  A.  Fritz,  who  during  the  summer 
and  fall  of  1914  was  engineer  in  charge  of  the 
construction  of  a  sewer  outfall  at  Manchester, 
Mass.,   describes  the  using  on  the  work  of  a 
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pneumatic  hammer  under  water  The  outfall 
extended  two  miles  into  tidal  waters  ranging 
in  depth  below  mean  low  water  from  zero  to 
40  ft.  At  a  depth  of  about  16  ft.  two  small 
ledges  were  encountered  in  the  trench.  The 
contractor  (the  T,  A.  Scott  Co.,  New  London, 
Conn.)  had  a  timber  crib,  which  was  to  be 
used  to  support  a  steam  drill  on  a  tripod.  Mr. 
Fritz  suggested  the  use  of  a  "Jackhamcr" 
pnuematic-bammer  drill,  which  was  success- 
fully tried.  The  only  drawback  to  this  use 
of  the  drill  was  that  the  exhaust  annoyed  the 
divers,  but  this  was  easily  remedied  by  bring- 
ing the  exhaust  to  the  surface  by  the  use  of 
a  common  garden  hose. 


Quebec,  Aug.  20. — While  two  young  boys 
named  Pichette,  brothers,  aged  14  and  8,  were 
playing  in  the  C.  P.  R.  shops  this  evening  the 
elder  placed  an  air  compressor  hose  against 
the  younger's  body  and  called  to  an  engineer 
who  was  playing  with  them  in  the  next  room 
to  turn  on  the  air.  Ignorant  of  what  was 
going  on  the  engineer  did  so,  the  result  being 
that  the  boy's  body  was  blown  open,  and  he 
died  a  short  time  afterwards. 

[It  is  of  course  understood  that  in  this  case, 
as  in  some  similar  horrible  cases  which  are 
matters  of  record,  the  air  nozzle  was  not 
placed  against  the  boy's  body. — Ed.  C.  A.  M.] 


A  weather  Bureau  Station  has  just  been  es- 
tablished on  a  farm  near  Omaho,  Neb.,  for 
the  purpose  of  making  systematic  observations 
of  the  upper  air,  by  means  of  kites  carrying 
self-recording  instruments.  It  was  not  neces- 
sary to  erect  new  buildings,  excepting  a  small 
shelter  for  the  kite  reel,  as  the  buildings  on 
the  farm  were  sufficient  for  the  needs  of  the 
work.  This  work  was  formerly  carried  on  at 
Mount  Weather,  Va.,  and  the  apparatus  was 
moved  from  that  station  to  the  present  one. 
This  station  will  be  known  as  the  Drexel 
Aerological  Station,  and  the  observations  ob- 
tained here  will  be  sent  to  the  Central  Office 
of  the  Weather  Bureau  at  Washington.  D.  C, 
for  computation  and  study.  Kite  flights  were 
begun  at  this  station  Sept.  i. 


Sulphur  and  yellow  fever  are  not  usually 
thought  of  together,  but  it  was  the  employ- 
ment of  300  tons  of  sulphur  and  120  tons  of 
insect  powder,  the  entire  supply  of  the  I'nited 


States,  that  enabled  Gen.  Gorgas  to  dcttroy 
the  mosquitos  in  Panama  and  so  thoroughly 
eradicate  yellow  fever  that  no  case  has  oc- 
curred since  May,  1906  Before  the  use  of 
sulphur  and  other  sanitary  measures  the  an- 
nual death-rate  from  yellow  fever  expected. 
on  the  basis  of  the  French  ratio,  v  ''no. 
The  death-rate  during  the   French  -  ion 

was  200  per  1,000.  In  ten  years  of  the  Ameri- 
can control  the  rate  was  17  per  thousand 


i^robably  more  copper  has  been  destroyed, 
as  we  say  it,  or  has  gone  beyond  human  pen, 
in  this  one  year  of  war  than  was  previously 
destroyed  in  all  of  the  world's  history.  Cop- 
per as  used  for  the  manufacture  of  ordinary 
articles  is  not  destroyed  and  is  ultimately 
available  for  other  uses,  but  copper  used  in 
ammunition  is  absolutely  lost. 


Nickel  has  become  one  of  the  precious 
metals  in  Europe.  It  is  said  that  the  Ger- 
mans have  been  gathering  all  the  nickel  coins 
available  in  Belgium  and  in  Germany  for  use 
in  the  manufacture  of  war  materials.  As  a 
result,  the  Federal  Council  of  the  German 
empire  is  reported  to  have  passed  a  bill  to 
coin  5  pfennig  pieces  in  zinc  instead  of  in 
nickel  as  heretofore. 


The  Weather  Bureau  has  undertaken  a 
campaign  for  the  determination  of  the  relative 
values  of  evaporation  in  various  parts  of  the 
United  States,  and,  if  possible,  the  relation 
of  these  values  to  other  climatic  factors.  The 
Bureau  is  also  preparing  to  publish  the  results 
of  its  previous  elaborate  observations  of 
evaporation  at  Salton  Sea  and  elsewhere 


LATEST  t'.  S.   PATF.NTS 

Full  speciAcatious  and  draxvings  of  any  pat- 
ent may  be  obtained  by  sending  five  cents  (not 
stamf's)  to  the  Commissioner  of  Patents, 
1^'^oshington,  D.  C. 

SEPTEMBER  7 

i.i..i.;;j<j.    ^rETHOD  of  treating  subter- 

RANE.XN    WELLS.       Epw.^rd    Nickl.vs    Brei- 

TUNO.     Maiquotto,     Mich.,    and    Alfred    Pick. 

Now   York.   N.   T. 

2.  The  method  of  treating  subterranean  wells 
which  consists  of  liratinp  the  material  in  the  well, 
applying  a  continued  artificial  pressure  to  the  ma- 
terial greater  than  the  natural  pressure  thereon 
for  a  substantial  jH^riod  of  time  to  thereby  force 
siiiil    heated    niat»rial    into    the    openings    of    the 
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surrounding  medium  and  in  then  releasing  the  ar- 
tificial pressure  to  allow  the  material  to  again 
enter  the  well. 

1.152.400.      MEANS   FOR  CONTROLLING   THE 
OPERATION   OF  AIR  AND  GAS  COMPRES- 
SORS.    Ja.mes   H.   Dennkdy.   Detroit,   Mich. 
1,152,414.      WET    DUST-COLLECTOR.      George 
A.   Helsox,   Peterborough,  Ontario,  Canada. 
1.  In    a    dust    collector    the    combination    of    a 
blower  provided  with  a  suction  inlet ;   means  for 
introducing  water   into   the   blower ;    a   discharge 
pipe  for  the  blower ;  a  water  tank  into  which  the 
discharge    pipe    leads ;    and    baffles    in    said    dis- 
charge pip€;  close  to  the  blower  and   inclined  al- 
ternately in  opposite  directions  whereby  the  wa- 
ter   is    beaten    into    fine    spray    and    intimately 
mixed   with   the   dust-laden   air   passing   through 
the  apparatus. 

1,152,447.  AIR-GUN.  ^^'ILLIAM  J.  Sproull, 
Saginaw,  IVIich. 

1,152.449.  AIR  CAN-TESTING  MACHINE. 
Edwin  V.  Swangrex  and  Magnus  E.  Widell, 
Maywood,  111. 

1,152,458.  APPARATUS  FOR  BLEACHING 
CANE-JUICE  William  H.  Waggoner,  Jean- 
erette,  La. 

1,152,473.  VACUUM-CREATOR.  Edward  M. 
Barnes,  Hastings,  Mich. 

1,152.4S5.  DISCHARGE  CONTROL  FOR 
FLUID-RECEPTACLES.  John  E.  Carroll 
and  William   H.  Andrews.   Boston,   Mass. 

1,152,609.      PNEUMATIC    SPRING.      Benjamin 

Walter  Davis.   Phillips,   Wis. 

1.  A  pneumatic  spring  comprising  a  substan- 
tially globular  fluid  retaining  chamber  having 
flexible  walls,  curved  means  engaging  the  flexible 
walls  of  the  retaining  chamber  to  increase  the 
supporting  area  tlu-n  of  at  a  predetermined  rate 
when  weight  is  applied  tlif-reto,  and  m'^ans  for 
connecting  .said  chamber  to  two  n-latively  mova- 
ble members  between  which  the  chamber  is  Inter- 
posed. 

1,152,624.  PNEUMATIC  TOOL.  George  H. 
GiLMAN.  Claremont.  N.  H. 


1,152.695.     BRAKE-ACTUATING  DEVICE  FOR 

AUTOMATIC      TRAIN-STOP      MECHANISM. 

Fred  Bedford.  Stratton,  Nebr. 
1,152,734.      PUMP.     Joseph   F.   Jones,   Jr.,   Bak- 

ersfield,   Cal. 

In  a  compressed  air  lift  pump,  the  combination 
with  an  outer  circular  flow  pipe,  of  an  air  pipe 
concentrically  positioned  therein  and  extending  to 
a  point  adjacent  the  lower  end  thereof  to  provide 
an  annular  space  between  said  flow  pipe  and 
said  air  pipe,  a  T-shaped  casing  secured  on  the 
lower  end  of  said  air  pipe  and  having  its  opposite 
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ondfl  closed,  a  discharge  nozzle  projecting  at  sub- 
st.intially  rlK'it  anKl'-s  from  «nUI  casInK  on  dla- 
mftrlnilly  opposltt'  hIcIi-m  of  Maid  air  pipe  Mub- 
Htanfially  rulilway  of  saltl  annular  .spac»'.  said 
riDZzlt'  btlriK  Inclini'd  to  th«'  v«T(lcal  find  dlsrharK- 
InK  tipwanlly  to  prodiici-  a  Hiilral  motion  around 
snid  air  jilp»'.  tho  construction  and  arran>f''infnt  of 
parts  l)rln«  such  that  air  bubbles  mov*-  Inwardly 
toward  the  air  pipe  and  decrease  the  friction  be- 
tween the  surface  thereof  and  the  body  of  ascend- 
Injif  water. 

l,ir,2..Sl()-l.  PXKUMATIC  VALVE  APPARATUS. 
(Jeohoe  a.   Hani.y,  ElMTln.  I'l. 

i.ir)2.882.  i)i<:vicr:  i'or  rotating  pneu- 
matic DRILLS.  Urnrv  J.  Cook.  Los  An- 
geles. Cal..  and  flKunERT  R.  Marsden.  Ottum- 
wa,  Iowa. 

1.152.985.  acetylene-blowpipe.  John 
W.  Smith  and  Elmer  H.  Smith.  Minneapolis. 
Minn. 

1.153.026.  TIRE-PRESSURE  GAGE.  Robert  A. 
Campbell,  Minneapolis.  Minn. 

1.153,181.  AIR-DRIER.  George  F.  Steedman. 
St.  Louis,  Mo. 
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1.154.306.       VACLTM-INDICATOR. 

Grat.   Schenectady.   N.   Y. 
1.154.434.     ROTARY  CONDEN 

CONDENSING     TURBINE 

GusTAVE  Rees.  Stafford.   En>?l«»id. 

1.   An  ejector  condens**r.  air  pump  or  ^vyrnpr**- 
sor,  comprising  an  enti  ''-J 

with  the  space  to  be  e^  •  1. 
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1,153.198.      APPARATUS    FOR    RAISING    WA- 
TER.    William  T.  Croslen.   Oklahoma,  Okla. 
1,153,220.      CA^^ING-MACHINE.      Charles    M. 
Gret.  East  Orange,  N.  J. 

1.  In  a  casting  machine,  the  combination  of 
two  chambers  having  communication  below  the 
surface  of  material  adapted  to  be  contained 
.therein,  means  for  exhausting  air  from  both  of 
said  chambers,  whereby  a  partial  vacuum  is  pro- 
duced above  the  material  therein  and  the  metal 
freed  from  entrained  gases,  and  means  whereby 
one  of  said  chambers  may  be  exhausted  Independ- 
ently of  the  other. 

1,153.554.      PNEUMATIC    PIANO-PLAYER   AC- 
TION.    Walter  A.  Kruck,  New  York.  N.  Y. 
1,153,734.     VACUUM  CLEANING  APPARATUS. 

Walter  G.  Trautman,  Cleveland,  Ohio. 
1,153,759.        FLUID    -    PRESSURE-CONTROLL- 
LING  VALVE.     Joseph   Brunker  and   Char- 
ley Albert  Mattmiller,  Helena,  Mont. 
1.153,806.      AIR-BRAKE    DEVICE.      Ernest    U. 

Mack.  Florence.  S.  C. 
1,153,872.        VENTILATOR-FAN.        David      W. 

Matsler,  Kingston,   Okla. 
1.153.874.      ROTARY   COMPRESSOR.     William 
Shore,  Toronto.   Ontario.   Canada. 


spraying  nozzles  connected  with  a  supply  of  li- 
quid under  pressure  and  adapted  to  direct  sirnved 
liquid  across  the  entraining  chamber  Ir  •  na 

of  the  ejector  wheel,  and  a  stationary  r.g 

duct  to  which  the  ejector  wheel  delivers. 
1.154.547.      PROCESS   OF    PURIFYING   FLOUR 
DURING   THE    MANUFACTURE   THEREOF. 
George  Thomas  Smith.   Fort  Worth.  Tex. 
1.  The    herein-described    process    of    purifying 
flour  containing  impurities  lighter  In  weight  than 
flour,    wiuch    consists    in    moving   said    ii'^*:r    and 
impurities   in   a   relatively  thin   layer  .-  :1- 

taneously  forcing  a  slight  draft  of  air  y 

throughout  said  moving  layer  for  liinn^  and 
carrying  away  said  lighter  impurities  from  said 
flour. 

1.154.57'\  PNEUMATIC  -  DESPATCH  -  TUBE 
APPARATUS.  Charles  P.  Hidden.  Winches- 
ter. Mass. 
1.154.594  REGULATING  DE^^CE  FOR  MIX- 
ED-PRESSURE TURBO  -  COMPRESSORS. 
Richard  H.  Rice.  Lynn.  Mass. 
SEPTEMBER  2S. 

1  154.609.  METHOD  OF  INCREASING  THE 
ENERGY  OF  A  FLUID-MOTOR  IN  MOTOR- 
ORIVEN   TORPEDOES.     Michel   BRr.viQCXL. 

Paris.   France. 
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1.  The  process  of  increasing  the  energy  sup- 
plied to  a  motor  driven  by  compressed  fluid  which 
consists  in  subjecting  such  fluid  while  on  its  way 
to  the  motor,  to  the  heat  of  a  suitable  fuel  in 
combustion  while  injecting  hydrogen  peroxid  into 
the  sphere  of  combustion. 
1,154.G4S.     FLUID- PRESSURE  TURBINE.  Carl 

J.  Mellin.  Schenectadv.  N.  Y. 
1.154,672.     WHISTLE.     Richard  Tikuian,  Wa- 

terburs-.  Conn. 
1.154.707.  SPR.WING  DEVICE  AND  MEANS 
FOR  CONTROLLING  THE  SAME.  Daniel 
M.  Li'KHRS.  Toledo.  Ohio. 
1.154.74.'..  METHOD  OF  AND  APPARATUS 
FOR  ELEVATING  FLUIDS  BY  ELASTIC- 
FLUID  PRESSURE.  Ralph  C.  Browne.  Sa- 
lem, Mass. 


ing  these  operations  is  not  substantially  less  than 
critical   pressure. 

1.154.S94-5.  GLASS-FORMING  MACHINE. 
William  S.  Teeple,  Wellsburg,  W.  Va. 

1.154.921.  PERCUSSIVE  DRILL.  Charles  C. 
Hansen,  Easton,   Pa. 

1.154.922.  COAL-MINING  MACHINE.  Charles 
C.   Hansen.  Easton.  Pa. 

J. 154.957.  PNEUMATIC  MUSICAL  INSTRU- 
MENT.    Harry  J.  Anderson,  Chicago.  111. 

1.154.959.  REGULATING  MEANS  FOR  CEN- 
TRIFUGAL  COMPRESSORS.      Otto    Banner, 

1.154.974.'     WELDING-TORCH.      BuRR    Custer, 

Marion,  Ind. 
1.154.977.   PULSATORY     TOOL.       Clarence     A. 

Dawley.  Plainfield,  N.  J. 
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1.  The  method  of  raising  fluids  by  elastic  fluid 
pressure  to  a  height  greater  than  that  of  a  contin- 
uous column  of  the  fluid  operated  on  sufficiently 
high  to  balance  such  pressure,  which  con.'sists  in 
flowing  a  working  fluid  through  a  loop,  simul- 
taneously causing  the  heavier  fluid  to  collect  in 
said  loor'  until  the  pas.sage  there  through  for  the 
working  fluid  is  closed,  and  immediately  displac- 
ing the  collected  fluid  by  pressure  of  the  working 
fluid  applied  downwardly  on  the  upper  surface 
thereof,  thereby  forming  a  composite  coluinn 
made  up  of  alternate  masses  of  the  fluid  operated 
on  and  the  lighter  working  fluid. 
1.154.79.3-4-5-G.       COMPRESSED-AIR      SYSTEM 

FOR      OPERATING      PNEUMATIC      TOOLS. 

Charles  Otis  Palmer.  Cleveland.  Ohio. 
1.154.797.     PNEUMATIC  TOOL.     Charles  Otir 

Palmer,  Cleveland.  Ohio. 
M  54,798.       GOVERNOR    FOR    AIR-COMPRES- 
SORS.      Charles     Otis      Palmer.     Cleveland, 

Ohio. 
1.154,880.        POWER-GENERATING       SYSTEM. 

John  Patten.  Baltimore,  Md. 

1.  The  method  of  employing  carbon  dloxid,  as 
a  medium  for  converting  heat  into  work,  which 
consists  In  successively  compressing  the  carbon 
dloxid.  heating  It.  expanding  It  In  an  engine,  and 
cooling   It,   and  wherein   the  lowe.st  pressure  dur- 


1,155,045.  APPARATUS  FOR  PRODUCING 
OXYGEN.  Benjamin  H.  Cram,  Baltimore,  Md. 
1.  In  an  apparatus  for  making  oxygen  by  de- 
composition and  regeneration  of  an  oxygen  com- 
pound, a  retort  for  the  oxygen  compound,  means 
for  heating  the  retort,  means  foT  passing  heated 
air  and  superheated  steam  alternately  through 
the  retort,  valves  for  alternating  the  path  of  the 
air  and  steam  and  automatic  means  for  operating 
the  valves,  equalizing  the  period  and  maintaining, 
the  sequence  of  operation. 
1.155.074.       AIR-OPERATED     FIGURE.     Lewis 

A.   Mapel.  St.  Louis.  Mo. 
1.155.177.       FLUE-BLOWER.      George    H.    Van 
Schaick,    Hudson    I'^alls.    and    Patrick    Burns 
and  John  Reardon.  Fort  Edward,  N.  Y. 
1.155,201.      VACUUM-CREATOR.      Charles    H. 

Best.   Moiland,   Kans. 
1,155,264.        PRESSURE      DEVELOPING     AND 
DRIVEN  TOOL.     Alexander   Palmros,   Syra- 
cuse. N.  Y. 
1  155.272.        DUST-COLLECTOR     P'OR     PNEU- 
MATIC     STREET-SWEEPING      MACHINES. 
John  R.  Pollock.  Long  Beach.  Cal. 
1,155,282.   PNEUMATIC     HAMMER.       Maconius 

Shaner,   Bethlehem.   Pa. 
1.155.:{08.  PROCESS       OF      CONDITIONING 

AIR.     Daniel  P.   Gosline,  Boston.  Mass. 
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THE  FUNCTION  OF    A  NAVAL    EXPLRIMLN- 
TAL    LABORATORY- 

The  recommendation  of  the  Naval  Con- 
sulting Board  that  a  physical  laboratory  be 
established  on  tide  water  for  the  conducting 
of  experiments  by  the  Government  seems  to 
have  been  misunderstood.  It  is  not  true  that 
it  is  proposed  that  such  a  laboratory  should 
be  under  the  direction  of  the  civilian  board. 
On  the  contrary  it  is  to  be  controlled  and 
directed  by  the  United  States  Naval  officers. 

It  is  not  true  that  the  civilian  board,  or  any 
other  board  of  inventors,  is  expected  to  go 
within  the  walls  of  this  experimental  station 
and  invent  or  produce  devices  for  the  use  of 
the  navy.  The  proposition  is  that  this  shall 
be  a  great  physical  workshop  for  the  purpose 
of  trying  out  and  developing  inventions  which 
will  have  been  submitted  from  all  sources  to 
the  United  States  Government. 

When  such  inventions  are  submitted  and 
are  first  passed  upon  by  the  regular  naval 
engineers,  it  is  proposed  to  submit  them,  or 
some  of  them,  to  the  civilian  consulting  board 
for  advice  and  information,  and  when  such 
advice  is  received  by  the  naval  engineers,  and 
they  elect  to  go  further  into  the  suggestions 
made,  then  the  physical  laboratory  will  be  a 
means  by  which  it  may  be  determined  whether 
or  not  an  invention  is  a  practical  one. 

The  Naval  Consulting  Board  is.  as  its  name 
implies,  a  board  of  consulting  engineers  and 
not   necessarilv   a   board   of    inventors.      Thev 


*From  an  article  in  77»t'  Engineering  Mag- 
azine, November,  .  1015,  by  W.  L.  Saunders. 
Vice  Chairman  of  the  Naval  Consulting 
Board,  and  President  of  the  American  In- 
stitute  of    Mining    Engineers. 


are  not  expected  to  originate  plans  or  prac- 
tices to  any  greater  extent  than  all  the  people 
of  the  United  States  are  expected  to  do  so. 
Their  position  is  identical  with  that  of  any 
other  individual  in  the  United  States  who  may 
have  a  suggestion  to  put  before  the  Govern- 
ment, the  difference  being  that  in  the  case 
of  the  Consulting  Board  they  may  be  called 
upon  b}'  the  naval  engineers  to  express  their 
opinions,  to  give  advice,  and  perhaps  per- 
sonal assistance,  in  the  development  of  ideas. 

The  members  of  the  Naval  Consulting  Board 
are  responsible  to  no  one  except  to  the  so- 
cieties which  elected  them.  They  are  in 
no  way  Government  employees  or  officers. 
They  receive  no  compensation  from  any 
source,    and    they    pay   their   own    expenses. 

The  United  States  Government  has  now  two 
large  and  many  smaller  experimental  stations. 
The  principal  one  is  the  Bureau  of  Standards 
at  Washington,  under  the  Department  of  Com- 
merce, where  a  great  deal  of  scientific  work 
is  being  done  in  the  nature  of  research  and  in- 
vestigation. There  is  also  the  Bureau  of 
Mines,  wh.cre  research  and  experimental  work 
is  conducted  in  metallurgy  and  chemistry.  At 
various  na\y  yards  in  the  country  there  are  ex- 
perimental stations,  but  at  no  place  is  there  a 
l)lant  at  tide  water  where  actual  physical  work 
may  be  done  in  the  way  of  building  machines 
on  a  large  scale  for  the  purpose  of  demonstrat- 
ing to  the  satisfaction  of  the  United  States 
naval  officers  whether  or  not  an  advance  may 
be  made  in  naval  practice.  Such  a  station 
could  be  no  small  affair,  for  to  be  of  real  value 
it  should  be  so  equipped  as  to  reach  results  ex- 
peditiously and  thoroughly.  In  other  words. 
it  should  do  for  the  Government  what  Edison's 
laboratorv  has  done   for  science  and  what  th« 
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General  Electric  Laboratory  has  done  for  that 
company. 

Experimental  or  development  work  is  neces- 
sarily expensive,  but  our  experience  in  the 
past  would  seem  to  warrant  us  in  believing 
that  it  is  better  to  spend  money  in  trying  out 
and  perfecting  devices  for  naval  service  rath- 
er than  to  depend  upon  the  natural  course  of 
events  during  which  developments  take  place 
slowly  through  other  sources,  and  in  the  end 
individuals  or  other  nations  get  the  benefits 
that  might  accrue  to  this  Government.  We 
have  only  to  cite  two  recent  cases  of  import- 
ance— the  submarine  and  the  aeroplane — to 
realize  that  the  American  navy  would  have 
been  far  more  advanced  had  the  Government 
taken  up  through  its  own  physical  station  the 
early  inventions  of  Holland  and  the  Wrights. 
It  is  work  of  this  kind  that  can  best  be  done 
through  a  large  and  well  equipped  physical 
laboratory  under  the  control  of  the  Govern- 
ment. The  man  who  has  had  more  experience 
in  this  line  than  any  other  and  has  achieved  a 
greater  success  is  undoubtedly  Mr,  Edison. 
The  proposed  plan  for  this  research  station  is 
his.  His  greatest  work  has  been  acquired 
through  research  and  experiment.  Before  he 
invented  the  storage  battery  he  tried  more 
than  ten  thousand  experiments,  always  aiming 
at  a  certain  result,  which  he  finally  achieved. 
The  General  Electric  Company  have  found  it 
of  the  utmost  value  to  spend  hundreds  of 
thousands  of  dollars  in  research  work.  It 
has  paid  to  do  it,  and  why  should  we  hesitate 
to  follow  the  same  lines  in  protecting  and 
strengthening  the  greatest  and  richest  of  na- 
tions? The  proposed  physical  research  lab- 
oratory, even  at  the  maximum  figures  placed 
by  Mr.  Edison — five  million  dollars,  represents 
only  about  one-third  the  cost  of  a  large  battle- 
ship. Is  it  not  best  to  first  make  sure  that 
we  are  building  this  ship  right,  and  in  advance 
of  the  -practice  of  other  nations,  rather  than 
plunge  forward  at  large  expense  and  in  the 
end  discover  costly  mistakes?  America  has 
long  been  the  birth  place  of  the  greatest  in- 
ventions. Let  us  utilize  this  creative  force  in 
increasing  the  safety,  strength  and  efficiency 
of  the  nation. 


SINKING    OF    THE    WOODBURY   SHAFT    AT 
THE  NEWPORT  MINE,  IRON  WOOD,  MICH.* 

The  Woodbury  shaft,  which  is  now  being 
sunk  by  the  Newport  Mining  Company  at 
Ironwood,  Michigan,  is  a  vertical  shaft  at 
right  angles  to  the  strike  of  the  formation. 
The  over  all  dimensions  are  21  ft.  i  in.  by 
13  ft.  I  in.  with  six  compartments  which 
will  accommodate  two  skips,  two  cages,  one 
ladder  road  and  necessary  piping.  The  first 
100  ft.  of  sinking  was  in  quartzite ;  from 
100  ft.  to  715  ft.  were  alternating  strata  of 
gray  and  red  slates  and  quartzite.  Below  this 
is  granite. 

The  surface  equipment,  as  much  as  possible, 
w^as  complete  before  sinking  operations  were 
started.  During  the  sinking  of  the  first  700 
ft.  practically  all  of  the  hoisting  was  done  in 
three  compartments  by  a  single  drum  hoist 
operated  by  a  so-h.p.  motor,  and  a  double 
drum  hoist  operated  by  a  70-h.p.  motor.  Three 
belt  driven  compressors,  Ingersoll-Rand,  Im- 
perial, Type  ID,  each  driven  by  a  50-h.p.  motor, 
furnish  air,  at  90  to  100  lb.  gage,  to  12  Jack- 
hamer  drills.  The  air  line,  which  is  6  in. 
wrought  iron  pipe,  is   for  permanent  use. 

THE  HEADER  FOR   HANDLING  THE  DRILLS. 

This  device  shown  in  photo  on  Eig.  i  and  in 
detail  in  Fig.  2  is  a  departure  from  ordinary 
practice.  The  header  distributes  the  air  to 
the  drills  and  provides  a  safe  and  handy 
place  for  hanging  them  when  not  in  use, 
one  Jackhamer  being  shown  on  its  hook  in 
Fig.  2.  When  ready  to  drill,  all  that  is 
necessary  is  to  remove  the  Jackhamer  from 
the  hook  and  pull  downward,  the  counter- 
weight F  keeping  the  slack  hose  out  of  the 
way  while   drilling. 

In  Fig.  2,  A  is  a  casting  9  in.  in  diameter, 
bored  out  in  the  center,  and  having  a  bolt 
circle  of  a  standard  4  in.  flange.  Eight  holes, 
evenly  spaced,  are  drilled  in  the  sides  and 
tapped  for  ^^-'m.  nipples,  to  which  the  machine 
hose  connections  are  made.  B  is  a  duplicate 
of  A,  with  the  exception  that  the  holes  for 
the  nipples  are  of  a  different  size.  There  are 
seven  ^-in.  connections  and  one  i  in.,  the 
latter  being  an  inlet  for  the  water  and  the 
others  for  water  discharges  to  the  drills.    The 


The  visible  smoke  and  steam  that  come  out 
of  a  plant  may  indicate  industry,  but  at  the 
same  time  they  indicate  inefficiency  and  waste- 
fulness. 


♦Abstract  of  a  paper  by  J.  M.  Broan,  Min- 
ing Engineer,  Newport  Mining  Co.,  before 
the   Lake   Superior   Mining   Institute. 
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FIG.     I. 

hooks  or  hangers  marked  C  are  made  of  :^s 
by  2  in.  strap  iron.  There  are  four  of  these 
with  a  hook  on  each  end.  A  B  and  C  are 
all  held  together  by  four  .)4-in.  bolts  passing 
through  the  4  in.  flange  at  the  bottom  of  the 
4  in.  air  pipe  E.  The  ell  at  the  top  of  the 
pipe  is  a  special  casting  with  a  lug  for  the 
I  in.  eye  bolt  by  which  the  header  is  sus- 
pended. D  is  a  9  in.  pipe  which  serves  as  a 
casing  to  enclose  the  counterweights  F. 

Two  of  these  headers  are  used,  each  accom- 
modating seven  jackhamers  and  one  blowpipe, 
but  only  six  machines  are  used  on  each  at 
present.     When  in  use  each  header  hangs  on  a 
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small  chain  block  fastened  to  the  bottom  shift 
set.  By  means  of  the  chain  block  the  appar- 
atus can  be  brought  to  any  desired  height,  the 
adjustment  being  allowed  by  the  use  of  a  3  in. 
air  hose  H,  which  connects  to  the  air  main,  the 
bottom  of  which  is  always  far  enough  up  the 
shaft  to  avoid  any  severe  blows  when  blasting. 
One  of  these  outfits  can  be  taken  from  its  po- 
sition on  the  surface  and  placed  on  the  chain 
block  below  ready  for  drilling  in  less  than  five 
minutes. 

While  in  the  softer  slates  water  tube  pistons 
were  used,  and  air  was  blown  through  them  in 
place  of  water.  A  short  piece  of  ^  in.  rubber 
hose,  shown  in  Fig.  3,  delivered  air  from  the 
^  in.  air  hose  to  the  tube  connections.  Later 
when  drilling  in  the  granite  the  drilling  speed 
was  not  as  great,  and  it  was  found  that  suf- 
ficient air  could  be  supplied  through  the  ordi- 
nary piston  to  clear  the  choppings  from  the 
drill.  The  water  tube  pistons  were  then  re- 
placed by  the  ordinary  pistons,  and  the  by- 
pass hose  dispensed  with,  thus  giving  greater 
efficiency  in  air  consumption,  but  no  noticeable 
decrease  in  drilling  speed.  The  steel,  which  is 
I'i  in.  hollov/  hexagon,  is  made  up  into  lengths 
varying  by  i-ft.  changes  from  12  in.  to  10  ft., 
with  H-in-  diflference  in  gage  for  each  drill; 
the  first  bit  being  2^-in. 

Until  the  granite  was  reached,  the  four-point 
or  cross-bit  was  used,  but  the  wear  on  the  gage 
became  such  as  to  warrant  a  change  if  some- 
thing more  serviceable  could  be  found.  It  was 
then  that  the  Carr  bit  was  tried  out.  Consider- 
able difficulty  was  encountered,  especially  in 
the  stratified  rocks,  with  fissured  holes  and 
stuck  drills.  Rather  than  abandon  a  hole  much 
time  was  often  spent  in  freeing  a  drill.  It  was 
here  that  necessity  led  to  the  adoption  of  the 
two  pullers  shown  in  Fig.  3.  In  case  only  a 
short  portion  of  the  steel  emerged  the  long 
gooseneck,  shown  on  the  left,  was  used,  while 
if  two  or  more  feet  of  the  drill  remained  out 
of  the  hole,  the  shorter  puller,  shown  on  the 
right,  could  be  applied.  In  either  case  the 
inverted  jackhamer  supplied  the  necessary 
power  to  extract  the  drill.  While  in  the  soft 
slates  10  ft.  drills  were  used  with  very  little 
difficulty,  and  sinks  measuring  as  deep  as  9  ft. 
have  been  blasted  successfully.  About  470  lin. 
ft.  of  drilling  was  required  per  cut  in  these 
slates  and  this  could  be  completed  in  from  4  to 
5  hours.  In  the  hard  quarzite  dike  and  gran- 
ite the  gage  on  the  steel   would  not  hold  up 


FIG.     3. 

long  enough  to  permit  the  use  of  any  drill  over 
8  ft.  long. 

In  these  rocks  about  425  lin.  ft.  of  drilling  is 
necessary,  which  can  be  done  in  7  or  8  hours. 
The  breaking  of  the  holes  is  dependent  entire- 
ly upon  their  arrangement  and  the  order  in 
which  they  are  fired.  Fig.  4  shows  the  plan 
and  section  of  the  arrangement  and  order  of 
firing  used  while  in  the  soft  slates.  Line  AA 
represents  a  bedding  plane  on  which  the  rows 
No.  T.  2  and  3  on  the  right  were  bottomed. 
The  shaft  was  blasted  in  two  separate  blasts, 
the  first  being  made  on  the  right,  and  the  holes 
blasted  in  the  order  numbered  in  the  plan. 
Three  holes  marked  No.  i  were  fired  simul- 
taneously with  No.  6  electric  blasting  caps. 
The  exploders  in  the  remaining  holes  were 
made  up  of  No.  8  caps  and  electric  delay  fuse 
igniters. 

A  different  arrangement  of  drilling  and  or- 
der of  firing  has  been  found  more  satisfactory 
in  the  granite.  Fig.  5  shows  2  rows  of  holes 
marked  No.  i  which  are  drilled  about  5  ft. 
deep  at  an  angle  of  60  degrees;  then  2  rows 
marked  No.  2  about  8  ft.  deep  at  an  angle  of 
7c  degrees.  These  4  rows  of  5  holes  each 
comprise  the  cutting  holes,  which  are  fired  in 
the  order  numbered  in  the  plan.  The  6  No.  1 
holes  are  fired  with  No.  6  electric  blasting  caps. 
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and   the  others   with   No.   8  caps  and  electric 
delay  fuse  igniters. 

Since  the  steel  used  is  only  Js-in.  in  diam- 
eter, the  bottom  of  a  deep  hole  is,  of  course, 
very  small  and  can  not  contain  sufficient  ex- 
plosives to  break  the  burden  in  a  satisfactory 
manner.  To  offset  this  disadvantage  as  much 
as  possible,  without  drilling  more  holes,  two 
or  three  sticks  of  100  per  cent,  blasting  gela- 
tine is  placed  in  the  bottom  of  each  hole.  The 
remainder  of  the  charge  with  the  exception  of 
the  cartridge  containing  the  detonator  is  80 
per  cent,  blasting  gelatine.  Experiments  by  the 
DuPont  people  have  shown  that  60  per  cent, 
nitro-glycerine  gives  a  maximum  efficiency  for 
speeding  up  the  action  of  a  charge,  and  for 
this  reason  a  single  cartridge  of  this  strength 
is  used  to  contain  the  detonator.  It  is  placed 
as  near  the  top  of  the  charge  as  considered 
safe  from  licing  cut  off  by  the  breaking  of  an 
adjacent  bdle.  Cartridges  of  sand  arc  used 
for  tamping.  .\n  average  of  26'^  lbs.  of  ex- 
plosives per  foot  of  shaft  have  been  used  in 
the  first  800  ft.  or  about  i  lb.  for  every  i,^  cu. 
ft.  of  excavation.     In  the   first   iioo  ft.   about 


FIG.    5. 

2  lb.  of  explosive  was  used  per  cu.  yd.  of  rock 
excavated. 

After  a  blast  the  smoke  is  cleared  away  by 
means  of  a  draft  forced  through  a  12-in.  pipe 
by  a  7-h.p.  fan,  on  surface.  At  first  the  fan 
was  used  to  draw  the  smoke  out,  but  by  re- 
versing the  air  current  a  marked  advantage 
was  noticeable  in  the  time  required  to  clear 
the  smoke. 

During  the  first  700  ft.  of  sinking  the  rock 
was  disposed  of  by  means  of  three  buckets 
having  a  capacity  of  26  cu.  ft.  each.  In  order 
to  make  shoveling  as  easy  as  possible,  steel 
plates  have  been  used  as  sollars,  with  con- 
siderable success.  In  Fig.  4  "A"  shows  the 
position  of  these  plates,  when  the  first  blast  is 
made.  The  breaking  of  the  holes  in  this  blast 
has  a  tendency  to  throw  the  rock  to  the  posi- 
tion of  the  plates.  In  the  second  blast  of 
the  same  cut  the  plates  are  placed  in  position 
"B"  Fig.  4. 

During  the  mining  operations  below  the 
construction  crew  is  employed  placing  sets, 
ladders,  etc..  above.  .\11  lighting  is  done  by 
electricity.    A  single  lamp  is  placed  under  each 
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ladder  sollar  to  light  the  ladder  to  the  sollar 
below.  At  the  bottom  of  the  shaft,  two  clus- 
ters of  four  lights  each  are  hung,  one  below 
the  staging  to  give  light  to  the  miners  and 
one  above  to  give  light  to  the  construction 
crew.  An  electric  signal  system  is  used,  the 
wires  being  run  down  the  east  side  of  the 
shaft  beneath  the  ladders.  By  means  of  a 
jumper  connected  to  a  common  return  wire, 
either  signal  bell  can  be  rung  from  every 
sollar. 

The  men  employed  in  the  shaft  are  as  fol- 
lows: One  shaft  captain,  3  shift  bosses,  36 
miners,  11  construction  men,  i  electrician,  4 
landers,  2  motormen,  4  hoist  engineers,  a  total 
of  62  men. 

The  excavation  commenced  on  March  i, 
1915.  and  1,129  ft.,  or  one-half  of  the  total 
depth,  was  completed  in  the  first  six  months. 

SAFETY. 

The  first  step  along  the  line  of  accident  pre- 
vention was  the  use  of  hard  hats.  In  order 
that  no  excuse  can  be  made,  every  man  is 
furnished  with  a  hat  made  of  felt  treated  with 
rosin  and  shellac.  These  hats  are  very  hard 
and  will  resist  a  severe  blow.  No  person 
is  allowed  to  enter  the  shaft  without  one. 
Danger  signs  are  placed  in  conspicuous  places 
warning  loafers  to  keep  out.  Movable  sollars 
made  of  steel  plates  and  operated  by  levers, 
are  placed  over  the  two  compartments  most 
used  for  loading  supplies.  When  the  bucket 
hangs  at  the  brace  the  lever  is  thrown  and 
the  plates  close  in  around  the  bucket  making 
practically  a  complete  cover  of  the  compart- 
ment. All  buckets  when  lowered  from  sur- 
face are  stopped  just  above  the  point  where 
the  construction  crew  is  working  and  are 
rung  down  from  there  by  the  men  below. 
Owing  to  numerous  infections  in  minor 
wounds,  an  antiseptic  consisting  of  a  2  per 
cent,  solution  of  lysol  has  been  placed  in  the 
wash  room  used  by  the  shaft  men.  To  date 
no  accidents  of  a  serious  nature  have  occurred. 


COMPRESSOR  CYLINDERS  VICTIMIZED    BY 
A  SUPERINGENIOUS  "ENGINEER" 

An  engineer  was  hired  to  operate  this  plant 
after  it  was  put  in  service,  and  to  familiarize 
himself  with  the  equipment  and  keep  an  eye 
on  the  construction  work  he  was  put  to  work 
while  the  plant  was  under  ejection. 

Part  of  the  equipment  was  a  small  ice  ma- 


chine, with  the  usual  compressor.  While  lh<^ 
erecting  engineer  was  installing  it,  the  engineer 
inspected  the  cj-linders,  which  of  course  were 
not  as  smooth  as  they  would  be  in  a  machine 
that  had  been  run  for  a  while,  and  he  told 
the  erecting  engineer  that  he  thought  they 
were  altogether  too  rough.  The  latter  ex- 
plained that  they  would  wear  down  as  smooth 
as  glass  in  a  couple  of  weeks  or  a  month  at 
the  most,  and  that  all  new  machines  were  that 
way. 

After  the  erecting  man  had  left,  the  engineer 
decided  he  would  hurr}'^  the  smoothing  opera- 
tion. There  was  a  bag  of  fine  emery  left, 
which  some  of  the  erectors  had  used  for 
grinding-in  valves,  and  the  engineer  mixed 
this  with  oil  and  pumped  a  liberal  dose  into 
the  steam  and  ammonia  cylinders.  After  a 
couple  of  days  he  gave  them  another  dose 
and  still  another  at  the  end  of  the  week,  tell- 
ing the  oiler  he  was  going  to  have  a  polish 
like   looking-glass  in  a  little  while. 

About  a  month  later,  answering  a  hurry-up 
call,  the  erecting  man  found  that  the  head 
pressure  was  low  and  the  back  pressure  high, 
indicating  that  the  machine  was  too  small  for 
the  system,  which  he  knew  was  not  the  case.- 
He  placed  the  wristplate  on  the  central  posi- 
tion, opened  the  indicator  connections  and 
turned  the  steam  on.  To  his  surprise  steam 
at  apparently  full  pressure  blew  out  of  each 
of  the  C3'linders.  He  removed  the  valve  bon- 
nets and  examined  the  valve  setting,  which 
was  the  same  as  he  had  left  it.  Then  he 
pulled  out  one  of  the  valves.  This  bore  a 
sorry  resemblance  to  the  one  he  had  put  in 
there  a  month  before. 

While  the  oiler  and  he  were  working,  the 
former  casually  remarked  that  "Ben's  emery 
and  oil  wouldn't  put  much  polish  on  cylinders 
in  such  a  condition."  The  erecting  engineer 
nearly  dropped  his  wrench,  but  managed  to 
appear  unconcerned.  In  a  matter-of-fact  way 
he  answered  that  he  did  not  think  it  would, 
and  inquired  how  they  had  used  it  and  how 
much.  The  next  day  two  men  with  a  boring 
bar  were  busy  on  the  machine  and  one  engi- 
neer was  out  "scouting"  for  another  job. — 
Thos.    G.    Thurston    in    Power. 


Gas  and  oil  engines  innumerable  were  ex- 
hibited at  the  Panama  Pacific  Exposition,  but 
not  one  steam  engine. 
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AIR    CUSHIONS  FOR  LLL\\l()kS 

!;V     FKANK     klCHAKDS. 

'lluTc-  rtHHiitly  occurrrd  in  one  of  the  large 
otlicc  l)iiiI(liiiKs  of  Now  York  what  mij;lit  eas- 
ily have  heeii  a  serious  and  perhaps  fatal  acci- 
dent. I  his  hiiihliiig,  of  very  large  area,  al- 
though it  is  now  not  quite  up  to  date  for  the  lo- 
cality, as  it  is  only  sixteen  stories  high,  is 
served  hy  a  row  of  eiglit  passenger  elevators 
and  one  hig  freight  elevator.  These  elevators 
are  hydraulically  operated,  not  l)y  a  long  direct 
plunger  hut  hy  a  plunger  of  larger  diameter 
and  shorter  travel  with  multiplying  cables  and 
sheaves  to  give  the  required  lift. 

These  passenger  elevators  in  the  rush  hours, 
morning  and  evening,  and  also  at  noon,  are 
apt  to  be  crowded  to  their  capacity,  and  on 
the  day  spoken  of,  when  the  lunch  hour  rush 
was  on,  the  water  pressure  pipe  was  broken 
off,  thus  suddenly  letting  off  all  the  plunger 
pressure,  and  seven  of  the  eight  cars,  mostly 
full  of  passengers,  dropped  from  different 
heights  to  the  bottom.  No  one  was  hurt,  so 
that  not  a  very  big  story  could  be  made  of  it 
by  the  daily  papers,  but  it  was  given  out  that 
the  safety  of  the  elevators,  as  thus  apparently 
demonstrated,  was  due  to  the  action  of  the 
air  cushions. 

As  a  matter  of  fact  these  elevators  have  no 
air  cushions,  and,  speaking  after  the  manner  of 
men,  it  might  rather  be  said  that  serious  acci- 
dent in  this  case  was  escaped  rather  by  pure 
luck.  The  safety  devices  provided  surely  can 
claim  no  credit  in  the  matter.  The  cars  really 
did  not  have  the  absolutely  free  drop  which 
we  think  of  when  accidents  of  this  type  occur. 
Not  one  of  the  hoisting  cables  was  broken ; 
they  all  held  intact  and  retained  their  places 
upon  their  respective  sheaves,  the  counter- 
weights all  remained  fully  effective,  and  of 
course  the  friction  of  all  this  apparatus  had 
more  or  less  braking  effect ;  also,  although  the 
water  pressure  pipe  gave  out  completely,  the 
entire  release  of  the  sustaining  water  pressure, 
and  the  escape  of  the  water  from  all  the  hoist- 
ing cylinders,  could  hardly  have  been  instan- 
taneous. These  things  doubtless  concurred  to 
check  the  rapidity  of  the  descent  of  the  cars. 
thanks   to   nobody. 

In  the  elevators  here  spoken  of  there  is  not 
the  slightest  attempt  to  confine  the  air  in  the 
shafts  for  cushioning  or  safety  purposes. 
There   are   in    fact   no    individual    shafts,    the 


eight  cars  all  traveling,  with  -     -  '•  '       ;.., 

one    open    space    with    no    p  ■  -u 

them,  and  also  at  each   story  the  doors  and 
the  entire  elevator  front  consist  of  open  steel 

lattice   work. 

This  conspicuous  absence  of  the  air  cush- 
ioning device  suggests  the  propriety  of  a  little 
general  remark  upon  the  subject  in  the  interest 
of  public  safety.  Air  cushions  w<iuld  seem  to 
be  almost  the  ideal  safety  device  for  eleva- 
tors. They  are  no  man's  special  invention. 
they  do  not  necessarily  involve  any  patented 
apparatus,  it  has  been  to  no  man's  particular 
interest  to  push  them,  so  that  for  these  and 
similar  reasons  they  have  not  been  urged  for 
adoption  as  have  been  many  things  less  deserv- 
ing. Nevertheless  no  big  modern  building  can 
be  said  to  be  up  to  date  without  them,  not  only 
for  their  first  ostensible  safety  function,  but 
also,  as  will  appear,  as  an  essential  detail  in 
effective  fire  protection. 

To  those  who  have  never  given  it  a  tnought 
there  is  one  rather  surprising  thing  in  the 
functional  operation  of  an  elevator  air  cush- 
ion, and  that  is  as  to  the  air  pressure  involved- 
There  is  one  elevator  in  the  world  which  is 
unique,  and  which  may  be  said  to  be  perfect 
as  to  its  air  cushion.  This  is  an  elevator  built 
at  Chicago  for  amusement  purposes.  The  shaft 
of  this  elevator  is  a  steel  framed,  glass  lined 
cylinder  200  feet  high  and  30  feet  in  diameter. 
It  carries  a  load  of  passengers  in  its  car,  up 
to  125  at  a  time,  from  the  bottom  to  the  top 
with  a  lookout  through  the  glass  all  the  way 
up  and  a  free  view  in  all  directions  when  the 
top  is  reached. 

PASSENGERS    BLOWN    UP    THE    SHAFT. 

The  passengers  in  this  elevator  are  not 
hoisted  by  any  of  the  usual  means,  but  are 
literally  blown  up.  The  elevator  car  is  prac- 
tically a  piston  fitting  the  interior  of  the  glass 
lined  cylindrical  shaft  approximately  air  tight, 
and  air  pressure  is  applied  under  the  car  to 
do  the  lifting.  And  here  is  the  wonder  of  it. 
.\11  the  air  pressure  required  to  lift  the  weight 
of  the  elevator  car.  and  the  maximum  load 
mentioned  of  125  passengers,  is  only  a  quar- 
ter of  a  pound  to  the  square  inch.  No  air 
compressor,  but  just  a  common  foundry  blow- 
er is  all  that  is  required  to  operate  this 
elevator. 

In  making  the  ascent  in  this  elevator,  when 
the  top  is  reached  or  at  any  point  below  the 
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top,  if  the  blower  is  stopped  or  if  the  inflow 
of  air  ceases,  the  car  is  still  sustained  by  the 
cushion  of  air  under  it,  and,  as  the  car  or 
piston  must  be  assumed  to  be  not  perfectly 
air  tight  in  the  cylinder,  some  of  the  air  will 
leak  past  the  car  and  it  will  slowly  descend  to 
the  bottom,  air-cushioned  all  the  way,  but  with 
the  air  pressure  under  it  never  greater  than 
that  due  to  the  weight  of  the  car  and  its 
load  of  passengers,  or,  as  before  stated,  about 
34-lb.  per  sq.  in. 

This  would  be  the  case  if  the  conditions 
were  as  described,  but  if  the  air  cushioning 
operation  should  begin  after  a  car  had  freely 
dropped  a  considerable  distance,  and  after  it 
had  acquired  a  high  velocity,  then  the  air  pres- 
sure required  to  check  and  overcome  this 
velocity  would  be  much  greater,  and  if  the 
additional  distance  to  be  traveled  was  small 
and  the  time  allowable  for  the  stoppage  short, 
Ihen  the  air  pressure  under  the  car  might  be 
too  high    for  safety. 

A  personal  acquaintance  of  the  writer,  prob- 
abl}'  forty  j^ears  ago,  who  was  an  enthusiastic 
advocate  of  the  safety  air  cushion,  undertook 
to  give  a  demonstration  of  it  in  connection 
with  an  elevator  in  Boston.  Unfortunately  he 
was  not  an  engineer  and  was  deficient  in  me- 
chanical instinct,  so  that  he  gave  no  proper 
thought  to  the  conditions  essential  to  success 
and  safety.  At  the  bottom  of  the  elevator 
shaft  he  built  a  cushion  chamber  of  brick, 
too  short  to  be  called  a  shaft,  into  which  the 
car  was  to  drop  and  be  cushioned  by  the  air. 
On  the  first  and  only  trial  that  was  made  he 
got  into  the  car  and  was  lifted  to  the  top  of 
the  shaft,  the  cable  was  cut  by  his  order,  the 
car  had  a  perfectly  free  drop  to  the  bottom, 
the  brick  air  chamber  flew  all  to  pieces  and  the 
poor  fellow  was  killed. 

Since  that  time  the  subject  has  been  in- 
telligently and  thoroughly  studied  and  there 
is  now  no  guesswork  or  uncertainty  about  the 
elevator  air  cushion  any  more  than  there  is 
about  the  means  of  lifting.  It  was  remarked 
at  the  l>eginning  that  no  specific  inventions 
and  no  great  ingenuity  were  required  in  the 
construction  of  the  air  cushion,  but  in  bring- 
ing it  so  near  perfection  as  it  may  now  be 
claimed  to  be  several  valuable  devices  have 
developed  which  are  now  apparently  indis- 
pensable. 

Another  surprise  awaits  the  novice  here  in 
the  small  amount  of  air  pressure  required  for 


effective  cushioning  when  the  work  is  properly 
distributed.  The  trick  of  it  is  to  have  a 
suflicient  length  of  cushion  shaft,  so  that  a 
proper  distance  will  be  traveled  and  a  proper 
time  will  be  consumed  for  the  cushioning 
operation. 

Probably  as  typical  as  any  of  the  up-to- 
date  elevator  air  cushions  are  those  of  the 
Woolworth  Building,  and  they  could  have 
no  better  opportunity  anywhere.  There  are 
in  the  building  26  elevators  traveling  at  a 
hoisting  and  lowering  speed  as  high  as  700 
feet  per  minute.  Two  of  the  cars  travel  to  the 
fifty-first  story,  679  feet,  two  to  the  forty- 
sixth  story,  two  to  the  fortieth  story,  and  so 
on,  four  traveling  only  to  the  twelfth  story. 
The  air  cushions  for  these  elevators  extend 
up  to  the  fourth  story  for  the  lowest  lifts 
and  to  the  eleventh  story  for  the  highest.  The 
shafts  for  the  lower  portions  where  the 
cushioning  occurs  are  thickened  and  stayed 
to  resist  the  internal  pressures  that  will  oc- 
cur. The  fit  of  the  car  bottom  in  the  shaft 
of  each  is  adjusted  and  graduated  with  care, 
so  that  there  will  be  an  approximately  uni- 
form pressure  for  the  cushioning  for  the 
entire  cushioning  distance,  and  no  excessive 
pressure  at  any  point.  There  are  in  fact  out- 
let valves  distributed  in  the  shafts  and  set 
to  open  at  a  pressure  of  about  12  pounds. 
The  sudden  pressures  would  of  course  rise 
above  this  in  case  of  a  drop.  As  the  cars 
fit  the  shaft  so  closely  there  would  be  a 
power-consuming  suction  when  lifting,  and 
this  is  prevented  by  free  moving  automatic  in- 
let valves.  In  the  shafts  above  the  cushion- 
ing portion  there  is  space  enough  around  the 
car  to  make  the  air  resistance  negligible. 

The  air  cushions  of  these  elevators  have 
been  subjected  to  practical  tests  under  the  most 
exacting  conditions  possil)le  and  their  abso- 
lute safety  and  reliability  h^ve  been  fully  dem- 
onstrated. As  a  sample  incident,  one  of  the 
cars  loaded  to  a  total  weight  of  7,500  lb.,  equal 
to  that  of  a  earful  of  passengers,  was  dropped 
freely  from  the  forty-fifth  floor  and  stopped 
by  the  air  cushion  with  perfect  safety.  The 
car  velocity  in  the  cushion  portion  of  the  shaft 
was  not  checked  with  great  suddenness,  but 
gradually  and  with  a  nearly  uniform  resisting 
pressure,  which  did  not  exceed  15  lb.,  per  sq. 
in.  except  at  the  last  moment  when  a  maxi- 
mum  of    18  lb.  occurred. 

Such  being  the  facts  in  regard  to  the  guar- 
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antee  of  safety  which  the  air  cushion  gives  to 
thf  flrvator  it  would  stern  that  its  adoption 
sliould  be  as  compulsory  as  that  of  a  safety 
valve  on  a  steam  boiler,  unless  a  device  equally 
effective  could  he  found,  and  there  is  none  in 
si^ht. 

The  completely  air  tif^ht  enclosure  of  the 
shaft  and  the  normally  tightly  closed  doors 
which  the  air  cushion  demands  are  in  all  cases 
continued  to  the  top  of  the  shaft.  This,  while 
not  necessary  at  the  upper  end  of  the  shaft  so 
far  as  the  action  of  the  air  cushion  is  con- 
cerned, is  a  very  important  detail  for  the  pur- 
pose of  fire  protection.  The  tight  shafts  and 
enclosed  stairways  completely  isolate  each 
floor  from  all  the  rest  and  prevent  the  exten- 
sion of  incipient  fires,  so  that  for  this  reason 
also  the  air  cushion,  and  the  conditions  which 
it  implies,  should  be  insisted  on.  and  in  the 
most  modern  buildings  they  are  so  almost 
imiversally. 


.stances  it  will  t>c  found  advantageous  to  have 

the  two  systems  workin>{  ^f^^(c^hc^,  the  me- 
chanical elevators  taking  out  the  contents  of 
the  main  holds  of  ships,  while  the  {meumatic 
api)liances  arc  left  to  deal  with  the  discharging 
of  the  grain  which  is  inaccessible  to  the  form' 
er. 

There  arc  three  main  uses  to  which  pneu- 
matic plants  can  be  applied  with  ad  — 
first,  for  discharging  ocean-going  ....  in 
port,  and  especially  for  cargoes  consisting  of  a 
number  of  comparatively  small  parcels  of  vari- 
ous kinds  of  grain,  which  render  the  speedy 
and  efficient  discharging  of  the  cargo  a  far 
more  difficult  task  than  is  the  case  with  ships 
carrying  only  one  large  consignment.  This 
point  is  well  illustrated  by  the  accompan>'ing 
diagram.  Fig.  i.  showing  the  actual  stowage 
plan  of  a  grain  ship  dealt  with  at  a  Scottish 
port.  The  cargo  consisted  of  a  large  number 
of   parcels   of   grain  varying   in   size   from  46 


BunktrHold     Side  Bunker 


Hold  N' 2 


324  Ton  J 


Engine  Root} 


FIG.    I.     TYPICAL   STOR.\GE  PLAN   OF   .\  GRAIN    SHIP. 


PNEUMATIC  GRAIN  ELEVATING  PLANT* 

Although  the  first  successful  pneumatic 
grain  handling  plants  were  constructed  as 
much  as  twenty-five  years  ago,  real  progress 
can  only  be  said  to  have  been  made  in  this  di- 
rection in  recent  years.  One  of  the  early  draw- 
backs was  the  great  consumption  of  power. 
But.  even  with  such  an  extravagant  consump- 
tion of  energy  as  4  horse  power  per  ton  per 
hour,  it  was  found  that  the  early  pneumatic 
apparatus  possessed  very  definite  advantages 
over  mechanical  means  for  some  classes  of 
work. 

Pneumatic  systems  are  coming  more  and 
more  into  favor  for  grain  in  cases  where  it 
would  be  difficult,  if  not  impossible,  to  utilize 
purely  mechanical   means,   while   in   many   in- 


♦Condensed  from  The  Enomcer,  London. 


tons  to  94J  tons,  which  were  stowed  not  only 
in  the  main  holds,  but  also  in  the  side  bunkers, 
peak,  and  poop  holds.  In  such  cases  ordinary 
bucket  elevators  are  at  an  obvious  disadvan- 
tage, as  a  very  large  amount  of  the  work  of 
discharging  would  have  to  be  done  by  manual 
labor,  which  is  both  slow  and  expensive.  With 
a  pneumatic  plant,  on  the  other  hand,  the  flex- 
ible piping  can  be  introduced  through  any 
small  opening  or  carried  inside  the  vessel  any 
distance  so  as  to  deal  with  the  parcels  stowed 
away  in  awkward  corners  of  the  ship.  The 
cargo  in  the  ship  illustrated  diagrammatically 
weighs  altogether  5.1S8  tons,  and  if  bucket 
elevators  and  manual  labor  only  were  availa- 
ble for  dischargnng.  probably  1.626  tons,  or 
nearly  3,^  per  cent.,  would  be  required  to  be 
"trimmed."  as  indicated  by  the  cross  section 
lines  shown. 

.A   further  advantage  claimed   for  the  pneu- 
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PNEUMATIC    GRAIN    ELEVATOR    FOR    MAN- 
CHESTER   SHIP    CANAL. 


matic  system  is  that  the  work  of  discharging 
can  be  continued  in  all  kinds  of  weather,  as 
the  hatches  need  only  to  be  opened  slightly 
to  admit  the  suction  pipes,  and  the  grain  is 
thereby  protected  from  the  effects  of  rain  and 
wind.  Still  another  advantage  claimed  for  the 
pneumatic  system  is  the  beneficial  effect  of  as- 
piration on  the  grain,  particularly  that  which 
has  become  heated  by  storage  for  a  length  of 
time  in  the  ship's  hold.  In  passing  through  the 
apparatus  the  grain  is  cooled,  and  the  dust 
which  is  removed  can  be  returned,  if  neces- 
sary, for  weighing  purposes. 

WHERE    TO    USE    PNEUMATIC    ELEVATORS, 

In  the  cases  of  mills  to  which  the  grain  is 
delivered  in  barges  there  are  several  points 
for  consideration  in  deciding  whether  to  adopt 
a  bucket  or  a  pneumatic  elevator,  such  as,  for 
instance,  the  comparative  cost  of  labor  and 
power;  whether  the  water  frontage  is  suitable 
for  the  employment  of  bucket  elevators; 
whether  the  berth  is  large  enough  to  enable 
the  barge  to  be  moved  about — a  necessity  with 
the  bucket  elevator ;  whether  in  the  case  of 
tidal  water  there  is  stranding  at  low  tide ;  and 
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FIG.    3.     GENERAL  ARRANGEMENT  OF    MANCHESTER    PLAN. 


COMPRESSED  AIR  MAGAZINE. 


7821 


FIG.    4.       DISCHARGE    TIPPER    SEAL. 


finally  the  rise  and  fall  of  the  tide.  It  will 
be  admitted  that  as  regards  the  power  con- 
sumed the  advantage  will  be  with  the  bucket 
elevator,  but  as  a  set  off  to  this  it  must  be 
borne  in  mind  that  in  passing  through  the 
pneumatic  plant  the  grain  is  subjected  to  a 
cleansing  action,  and  the  work  of  the  cleaning 
machines  is  thereby  reduced. 

Some  illustrations  are  here  given  of  a 
pneumatic  grain  elevating  plant  of  50  tons  per 
hour  capacity  which  has  recently  been  erected 
by  Henry  Simon,  Limited,  Manchester,  at  the 
mill  of  John  Jackson  and  Sons,  Salford.  This 
plant  has  been  specially  designed  for  unload- 
ing grain  from  barges  in  the  Manchester  Ship 
Canal,  Fig.  2.  The  general  arrangement  of  the 
plant  is  shown  in  outline  in  Fig.  3.  The  prin- 
cipal features  are :  an  electrically  driven 
vacuum  pump,  which  it  is  not  necessary  to 
describe  here,  an  improved  form  of  discharg- 
ing apparatus,  Fig.  4,  and  telescopic  grain 
suction    pipes,    Fig.    5. 


The  suction  branch  of  the  vacuum  pump  is 
connected  by  a  16  in.  sheet  steel  main  to  a 
cyclone  dust  collector  fitted  with  discharge 
valves  to  enable  the  dust  extracted  from  the 
grain  to  be  discharged  into  sacks.  The  inlet 
to  the  dust  collector  is  connected  to  the  grain 
receivers,  in  which  the  grain  after  being  freed 
from  dust  is  deposited.  From  the  receivers 
the  grain  is  discharged  through  the  mechanic- 
ally operated  tipper  seal  shown  in  Fig.  4.  The 
rocking  member  G  contains  two  pockets  H  J, 
which  are  alternately  brought  into  communi- 
cation with  the  grain  outlet  K  of  the  receiver. 
While  each  pocket  is  thus  engaged  and  there- 
fore under  vacuum  its  hinged  discharge  door 
L  is  held  closed  by  the  pressure  oi  the  at- 
mosphere. Simultaneously  the  other  pocket 
has  been  swung  far  enough  over  to  admit  air 
through  the  feed  opening  and  has  permitted 
the  hinged  door  to  open  and  discharge  its  con- 
tents. The  frame  of  the  tipping  box.  in- 
cluding the  circular   rubbing   face,   is  of  cast 
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iron,  and  is  pivoted  in  adjustable  bearings, 
the  bearings  being  supported  by  brackets  car- 
ried from  the  upper  or  seat  casting  M  in 
which  ports  N  are  arranged  for  exhausting 
the  air  from  the  pockets  before  grain  is  admit- 
ted to  them.  The  object  of  the  latter  arrange- 
ment is  to  prevent  the  inrush  of  air  carrying 
the  grain  over  and  into  the  dust  collector. 
The  air-tight  joint  between  the  tipping  box 
and  the  upper  casting  is  made  by  two  means. 
There  is  a  steel  packing  strip  O  held  in  the 
cross  bar  between  the  two  pockets  against  the 
face  of  the  upper  casting  by  bow  springs,  and 
at  the  sides  and  ends  of  the  rubbing  face  of 
the  tumbling  box  leather  strips  are  provided. 
The  hinged  discharge  doors  are  also  rubber 
faced  to  make  an  air-tight  joint. 

The  tumbling  box  is  caused  to  oscillate 
through  the  desired  angle  by  the  mechanism 
shown  in  Fig.  4,  comprising  a  crank  and 
connecting-rod  P  and  mechanism  operate  d  by 
a  train  of  spur  gear  wheels  Q.  This  gives 
ten  tips  per  minute,  which  is  sufficient  to  pass 
25  tons  of  grain  per  hour.  Interposed  be- 
tween the  connecting-rod  and  the  tippers  are 
helical  springs  R,  the  object  of  which  is  to 
prevent  damage  to  the  apparatus  in  case  of 
any  solid  body  becoming  jammed  between 
the  cross  bar  of  the  tipping  box  and  the  lip 
of  the  seating.  It  should  be  mentioned  that 
the  crank  mechanism  is  adjustable  to  allow  for 
the  normal  compression  of  the  springs. 

The  grain  and  air  enter  the  receiver  in  a 
tangential  direction  by  way  of  a  fixed  pipe 
communicating  with  the  movable  intake  pip- 
ing. The  latter  is  supported  by  means  of  a 
swivel  joint  enabling  it  to  be  slewed  through 
an  angle  of  180  deg.  in  order  to  obviate  the 
necessity  of  moving  the  barges  more  frequent- 
ly than  is  absolutely  necessary  for  discharg- 
ing purposes.  A  feature  of  the  intake  pip- 
ing is  the  rectangular  section  to  prevent  the 
concentration  of  the  grain,  which  would  cause 
undue  wear  and  tear. 

Another  interesting  feature  of  the  intake 
piping  is  the  special  telescopic  joint  shown 
in  section  in  Fig.  5.  This  enables  the  height 
of  the  nozzle  to  be  varied  to  the  extent  of 
10  ft.,  according  to  the  level  of  the  grain  in 
the  barge.  It  will  be  observed  that  in  this 
arrangement  the  upper  pipe  slides  inside  the 
lower  one  to  prevent  the  grain  falling  between 
the  joint  and  causing  jamming.  The  packing 
joint  comprises  a  ring  of  soft  self -lubricating 


FIG.    5.      TELESCOPE  GRAIN    PIPE. 

packing  A,  held  in  place  by  means  of  a  spring 
B  and  a  bolted  flange  C,  The  packing  rests 
upon  a  loose  ring  D,  between  which  and  the 
flanged  end  of  the  lower  pipe  is  a  rubber  ring 
E.  The  whole  of  the  packing  can  be  readily 
taken  to  pieces  by  removing  the  nuts  shown. 
The  lower  end  of  the  pipe  is  raised  or  lower- 
ed by  means  of  wire  ropes  carried  over  guide 
pulleys. 

A  typical  form  of  suction  nozzle  is  illustrat- 
ed in  Fig.  6.  It  is  built  up  of  wrought  iron 
plates  acetylene  welded  and  riveted,  and  con- 
sists of  three  parts,  two  of  which  form  the 
duct  by  which  the  grain  enters,  and  between 
these  is  the  annular  air  chamber  through  which 
surplus   air  is  admitted.     The  amount  of  air 
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FIG.      6.        GRAIN      SUCTION      NOZZLE. 


admitted  in  excess  of  that  which  flows  in  with 
the  grain  depends  upon  the  material  which 
is  being  lifted  and  other  conditions,  such 
as  the  position  in  which  the  nozzle  is  work- 
ing. It  is  regulated  by  means  of  the  hand- 
operated  butterfly  valve  in  the  body  of  the 
nozzle. 

Although  we  have  no  figures  with  regard  to 
the  power  consumed  by  this  plant  per  ton  of 


grain  per  hour  tests  carried  out  on  a  some- 
what similar  plant  in  the  neighborhood  show 
that  the  expenditure  is  somewhat  less  that  l^ 
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horse-power  per  ton  per  hour,  which  is  a  con- 
siderable improvement  on  earlier  installations 
of  the  kind. 

Fig.  7  is  of  special  interest  on  account  of 
the  difficulties  which  have  had  to  be  overcome 
in  adapting  a  pneumatic  system  to  an  existing 
situation.  This  plant  is  now  in  use  at  Carr's 
Flour  Mills,  Limited,  Silloth,  and  is  capable  of 
dealing  with  75  tons  of  g^ain  per  hour.  The 
general  principles  on  which  it  operates  are  sim- 
ilar to  those  of  the  above  apparatus,  but  the 
pneumatic  plant  had  to  be  so  designed  that 
it  would  not  interfere  with  the  operations  of 
the  existing  hydraulic  cranes  A,  or  with  the 
use  of  the  railway  siding  B.  It  has  to  deal 
with  the  cargoes  of  both  ocean-going  and 
coasting  vessels  on  tidal  water,  and  the  quay 
is  encumbered  by  vertical  columns,  which  sup- 
port the  crane  girder.  In  order  to  get  over 
these  obstacles  the  main  intake  pipes  L  are 
made  so  as  to  be  readily  connected  to  and 
disconnected  from  the  grain  receivers  F,  and 
the  receivers  have  to  travel  a  certain  distance. 
To  do  this  they  are  suspended  from  rails  car- 
ried by  brackets  underneath  a  loading  out  bal- 
cony C  as  shown.  The  intake  pipes  are  sus- 
pended from  a  runway  D,  carried  by  brackets 
parallel  with  the  quay  and  outside  of  the  crane 
girder.  This  arrangement  enables  the  pipes  to 
be  turned  round  and  swung  clear  of  the  cranes. 
Owing  to  the  restricted  space  available  grain 
tipping  mechanism  such  as  that  above  de- 
scribed could  not  be  used,  and  rotary  seals  G 
have  to  be  employed.  These  are  operated  by 
electric  motors  through  double  spur  reduction 
gear.  There  are  six  points  along  the  quay  at 
which  the  seals  can  be  operated  and  connec- 
tions made  with  the  air  mains.  The  seals  dis- 
charge the  grain  on  to  conveyer  belts  J  placed 
below  the  platform,  which  feed  a  silo  at  the 
end  of  the  dock. 


COMPRESSED  AIR  IN  A  SCOTTISH  COLLIERY 

At  a  meeting  of  the  Scottish  Branch  of  the 
National  Association  of  Colliery  Managers  the 
presidential  address,  by  Mr.  Richard  McPhee, 
described  the  system  of  compressed  air  haul- 
age installed  at  the  Bothwell  Park  Colliery. 
The  colliery  comprises  two  shafts  both  sunk  to 
the  splint  coal.  Owing  to  local  conditions,  the 
output  of  1,000  to  1,100  tons  per  day  of  eight 
hours  from  both  shafts  is  raised  from  the 
main  coal  level,   1,002   feet   from  the   surface. 


The  method  of  working  is  principally  by  long- 
wall. 

The  system  of  haulage  is  direct-rope  and 
main-and-tail  rope,  with  compressed  air  as  the 
motive  power.  The  air  is  compressed  to  70 
lbs.  per  sq.  in,  at  the  receiver  by  two  engines, 
one  of  which  is  of  Walker's  latest  type,  steam 
end  cross-compound  and  condensing,  with 
double  stage  air  compressor.  The  speed  at 
which  it  travels  is  regulated  by  a  governor 
operated  by  air  pressure  from  the  main  pipe, 
and  also  by  the  usual  mechanical  arrange- 
ment. The  other  compressor  is  of  the  coupled- 
tandem  single-stage  compressor  type. 

THE  PIPING. 

The  compressed  air  is  conveyed  down  the 
pit  in  a  line  of  cast-iron  pipes  8  in.  in  diam 
eter.  At  the  pit-bottom  two  branches,  each  0 
in.  in  diameter,  are  taken  off  (one  for  each 
pit).  There  are  nearly  six  miles  of  pipes, 
varying  in  diameter  from  5  in.  down  to  3  in. 
in  use  to  convey  the  compressed  air  into  the 
workings.  The  5-in.  and  4-in.  pipes  have 
screwed-on  flanges  with  six  bolts  to  each  joint  : 
the  3-in.  pipes  have  strong  oval-shaped  flangci. 
with  two  bolts  to  each  joint.  These  joints  have 
given  the  utmost  satisfaction  during  many 
years  of  use,  under  the  most  trying  conditions 
of  heaving  pavements  and  crushing  sides 

There  are  21  haulage  gears  in  the  coIHirv 
all  having  double  cylinders  varying  in  di;in 
ter   from  6   in.   to  9J/2   in.,  with   drums 
ing    in    diameter    from    20   in.    to    3    ft     ■      .;i 
There    are    also    11    Tangye   pumps    wit  I 
cylinders   varying   in   diameter   from   4    !■ 
12  in.,  and  with  pump  barrels  from  3   r 
6  in.,  and  lengths  of  stroke  in  proporti  - 

With  one  exception  the  seams  worked 
all   bad  roofs,   which   are    further   aggra  I 

by  working  the  one  seam  over  or  undi  1 
main  roads  of  the  other  for  commercial 
sons.     This  compels  the  adoption  of  a  •->         i 
of  haulage  which  can  work  in  a  small    r 
so  that  back  brushing  and  repairing  cost' 
be  kept  within  proper  limits.     For  many  \ 
secondary    haulage    by    a    mixed    system       t 
ponies    and    hand-drawing    was    in    use  1 

owing  to   the   heavy  cost  of   maintainin.u 
roads   high    enough    for   ponies,   and   tin 
reliability  of   the   drawers,   it   was   decid<   ' 
abandon    it,    and    to    lay   off   the   working- 
such  a  manner  that  mechanical  haulage  r        1 
be  applied  right  up  to  the   face  on   slopes 
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heading  roads,  leaving  the  men  only  the  branch 
roads  to  draw.  It  was  also  decided  where  pos- 
sible to  apply  conveyors  on  a  line  of  face  to 
give  an  output  of  coal  large  enough  to  justify 
the  putting  in  of  a  separate  haulage,  the 
terminus  wheel  of  which  could  be  kept  quite 
close  to  the  bridge,  therci)y  dispensing  with 
ponies  and  hand-drawing  altogether. 

From  the  experience  gained  in  the  working 
of  this  extensive  system  of  secondary  haulage 
with  compressed  air  as  motive  power,  the 
writer  believes  the  same  results  could  not  be 
obtained  with  electricity. 


HIGH  EXPLOSIVES* 

BY  PROFESSOR  ViVIAN   B.  LeWIS. 

Propellents  and  High  Explosives. 

The  difference  between  a  "propellent"  and 
a  "high  explosive"  is  entirely  one  of  rapidity 
in  explosion.  In  both  cases  they  are  bodies 
containing  in  a  small  space  combustible  ma- 
terial that  can  be  burnt  to  form  enormous 
volumes  of  gaseous  products,  together  with 
oxygen-bearing  radicals  capable  of  carrying 
on  the  combustion  with  great  rapidity  in- 
dependently of  the  exterior  air.  In  gunpowder 
there  is  carbon  in  the  form  of  charcoal,  mix- 
ed with  sulphur  and  potassium  nitrate,  the 
latter  being  the  oxygen-carrying  body,  and 
on  the  powder  being  ignited  a  chemical  ac- 
tion takes  place,  which  liberates  an  amount  of 
gas  many  hundred  times  the  original  volume 
of  the  powder.  This  conversion  takes  a 
measurable  time  for  its  completion,  and  a 
"propellent"  is  the  result.  On  the  other  hand, 
when  cotton  is  treated  with  the  strongest 
nitric  acid  and  mixed  with  sulphuric  acid, 
the  cotton  fibre  becomes  nitrated,  and  a 
molecule  is  produced  in  which  there  are  pres- 
ent the  hydrogen  and  carbon  of  the  cellulose, 
together  with  oxygen  held  in  combination  by 
the  inert  nitrogen  of  the  nitrate  radical.  On 
such  a  compound  being  ignited  it  burns  with 
considerable  rapidity;  but  in  a  gun  the  rate  of 
combustion  is  often  accelerated,  and  a  still 
more  rapid   form  of  explosion  takes  place. 

It  was  in  1868  that  one  of  Sir  Frederick 
Abel's  assistants.  Mr.  E.  O.  Brown,  discover- 
ed that  when  a  mercuric  fulminate  cap  was 
exploded    in    contact    with    compressed    gun- 


*From    a    Fothergill    Lecture    delivered    be- 
fore the  Royal  Society  of  Arts. 


cotton  the  unconfined  mass  cxpUxlcd  with 
enormous  violence,  and  that  whereas  an  or- 
dinary train  of  guncotton  would  take  several 
seconds  to  burn  a  few  feet,  yet  if  compressed 
guncotton  were  detonated  the  explosion 
travels  at  the  rate  of  200  miles  a  minute,  and 
as  there  is  no  time  for  the  displacement  of 
the  air,  the  enormous  volume  of  gas  created 
having  to  find  room  for  itself  gives  as  great 
a  destructive  effect  as  if  the  guncotton  had 
been  tamped  into  a  l>ore-hole  in  the  object  to 
be  destroyed.  Bodies  which  are  capable  of 
this  accelerated  form  of  explosion  are  said 
to  be  "high  explosives."  and  unless  the  ten- 
dency to  detonate  can  be  overcome,  as  in  the 
making  of  cordite  from  nitroglycerin  and 
nitrocotton,  they  cannot  be  used  as  propel- 
lents, as  there  would  be  no  time  to  overcome 
the  vis  interia  of  the  projectile  and  the  gun 
would  be  either  strained  or  burst. 

HIGH  explosives  TOO  "HIGH"  FOR  USE. 

Nitroglycerin  is  a  very  good  example  of  a 
high  explosive,  but  practically  is  of  no  use  in 
Service  work  outside  the  manufacture  of  cor- 
dite, as  it  is  far  too  dangerous  to  handle,  and 
if  used  in  a  shell  would  be  liable  to  premature 
explosion.  It  must  always  be  remembered  that 
science  could  provide  explosives  more  power- 
ful than  those  in  Service  use  were  it  not  quite 
as  important  to  ensure  safety  for  those  using 
the  explosive  as  to  obtain  destructive  effects 
on  the  enemy. 

explosive  effects  downward 
With  most  of  these  high  explosives  the  ex- 
plosion gives  rise  to  its  greatest  effects  in  a 
downward  direction,  which  may  be  explained 
b}-  the  fact  that  the  decomposition  is  so  enor- 
mously rapid  that  there  is  no  time  to  displace 
the  atmosphere,  and  the  recoil  from  the  at- 
tempt to  push  up  an  elastic  medium  like  air 
causes  the  smashing  down  of  rigid  bodies  be- 
low the  seat  of  the  explosion. 

One  of  the  things  that  strikes  the  ordinary 
observor  most  when  considering  the  composi- 
tion of  the  explosives  of  to-day  is  that  they 
are  all  derived  from  substances  of  the  most 
commonplace  and  harmless  description."  Cot- 
ton and  glycerin  when  nitrated  and  blended 
with  vaselin  yield  cordite,  which  serves  as  a 
propellent  in  all  our  gims.  whilst  the  high  ex- 
plosives used  in  shells,  torpedo  heads,  mines, 
and  aviators*  bombs,  are  almost  entirely  de- 
rived from  coal  tar  derivatives  by  nitration. 
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COAL   TAR    DISTILLATIONS. 

When  coal  tar  is  subjected  to  fractional  dis- 
tillation the  portion  which  comes  over  up  to  a 
temperature  of  150  deg.  C.  is  called  "light  oil;" 
it  contains  all  the  compounds  of  low  boiling- 
point  found  in  the  tar,  and  from  this  several 
of  our  most  valuable  explosives  can  be  obtain- 
ed. When  these  light  oils  have  distilled  over, 
the  ne.xt  fraction  or  "middle  oil"  yields  phenol 
or  carbolic  acid,  a  body  which  when  nitrated 
gives  picric  acid,  the  basis  of  the  French  high 
explosive  melinite,  the  Japanese  shimose  pow- 
der, and  the  English  lyddite. 

In  the  manufacture  of  picric  acid  the  frac- 
tion coming  over  on  the  distillation  of  the 
tar  between  150  deg.  and  200  deg.  C,  after  the 
naphthalene  has  been  allowed  to  settle  out  on 
standing,  is  agitated  with  a  solution  of  caustic 
soda,  which  forms  sodium  phenolate  with  the 
carbolic  acid.  This  sinks  to  the  bottom  of  the 
vessel  and  is  drawn  off  and  treated  with  sul- 
phuric acid,  whereb}'  the  carbolic  acid  is  set 
free.  The  acid  mixture  is  fractionally  distill- 
ed, and  the  phenol  comes  over  between  180 
deg.  and  190  deg.  C,  crystallizing  from  the 
distillate  in  needle-shaped  crystals.  Phenol 
or  carbolic  acid  when  pure  fuses  at  42  deg.  C. 
and  boils  at  182  deg.  C.  The  phenol  is  mixed 
with  an  equal  weight  of  concentrated  sul- 
phuric acid,  and  heated  in  an  iron  vessel 
to  a  little  over  100  deg.  C.  When  cold  the 
mixture  is  dissolved  in  twice  its  weight  of 
water,  and  added  gradually  to  three  times  its 
weight  of  strong  nitric  acid,  precautions  being 
taken  to  prevent  undue  rise  of  temperature ; 
when  fuming  has  ceased  steam-heat  is  em- 
ployed to  complete  the  nitrification.  On  cool- 
ing, crystals  of  picric  acid  separate  out  and 
can  be  purified  by  crystallisation. 
Picric  Acid. 

Picric  acid  is  a  nitro-substitution  product, 
three  atoms  of  the  hydrogen  in  the  original 
phenol  being  replaced  by  the  radical  nitryl, 
and  it  forms  with  metals  a  class  of  salts  called 
"picrates."  The  potassium  salt  was  suggested 
as  a  bursting  charge  for  shells  nearly  fifty 
years  ago,  whilst  Sprengel  showed  it  could  be 
detonated,  and,  later,  Turpin  employed  the 
acid  itself  as  an  explosive.  It  was  found 
possible  to  get  a  great  weight  of  explosive 
into  a  small  space,  as  the  acid  could  be  melt- 
ed and  poured  into  the  shell  in  a  molten  con- 
dition. Picric  acid  per  sc  is  a  very  safe  ex- 
plosive,   but   has    the    drawback   of    acting   on 


metals  to  form  picrates,  some  of  which  arc 
far  more  sensitive  to  disturbing  influences 
than  the  acid  itself, 

Experiences  with  lyddite  shells  in  the  South 
African  War  showed  their  behaviour  to  be 
very  erratic,  some  exploding  with  great  effect 
whilst  others  gave  disappointing  results.  This 
was  due  to  the  fact  that  picric  acid  requires 
a  powerful  detonator  for  obtaining  the  high- 
est explosive  effect,  and  the  use  of  such  a 
detonator  was  dangerous  and  might  cause  a 
premature  explosion  of  the  shell  within  the 
gun. 

The  disadvantages  inherent  in  the  use  of 
picric  acid  led  to  attempts  being  made  to  re- 
place it  by  some  other  material  of  the  same 
character,  which  could  be  used  as  a  high  ex- 
plosive in  a  bursting  charge  and  yet  be  free 
from  these  drawbacks.  Such  a  body  has  been 
found  in  trinitrotoluol,  and  although  its  ex- 
plosive force  is  slightly  less  than  that  of  picric 
acid,  the  pressure  of  the  latter  being  135,820 
lbs.  on  the  square  inch  as  against  119,000  for 
trinitrotoluol,  yet  its  advantages  more  than 
compensate  for  this  difference.  Not  being  of 
an  acid  nature,  trinitrotoluol,  or  T.N.T.  as  it 
is  termed,  cannot  accidentally  form  more  sen- 
sitive salts ;  it  is  without  action  on  metals, 
and  is  perfectly  stable. 

Trinitrotoluol. 

Trinitrotoluol  is  obtained  by  the  nitration 
of  toluene,  which  is  contained  in  the  crude 
benzol  distilled  from  coal  tar  and  washed  out 
from  coal  gas,  and  forms  one  of  the  groups 
of  so-called  aromatic  hydrocarbons.  The 
crude   benzol   contains    roughly — 

Benzene   50  per  cent- 
Toluene    36  " 

Xylene      11 

Other    bodies     3  " 

The  toluene  is  obtained  by  careful  fraction- 
ation of  the  crude  benzol,  the  boiling-point  be- 
ing intermediate  between  those  of  benzene 
and   xylene  • — 

Specific  Boiling- 
gravity,  point. 

Benzene     0.886  80.5 

Toluene     0.869  iio.o 

Xylene    about  0.87  137—140 

When  coal  is  distilled  at  the  lowest  pos- 
sible   temperature    tiie    tar    is    fairly    light    as 
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regards  specific  gravity  and  of  an  oily  char- 
acter, is  rich  in  paralVm  hydrocarhons,  and 
contains  but  few  aromatic  hydrocarbons.  1  he 
distillation  of  a  t(jn  of  coal  yields  about  20 
gallons  of  such  tar,  the  ctjtistituents  of  whicli 
are  even  of  greater  value  than  those  of  the 
high-temperature  tar  made  in  the  gasworks 
and  coke  ovens  of  the  Kmpirc.  On  now 
raising  the  temperature  of  distillation  of  the 
coal  to  about  that  which  used  to  be  employed 
in  the  days  of  the  old  iron  coal-gas  retorts, 
a  volume  of  coal  gas,  amounting  to  about 
9,000  cubic  feet,  is  yielded,  the  coke  is  harder 
in  quality,  and  the  tar  shrinks  frorrr  about  20 
gallons  to  about  16  gallons  to  the  ton.  Tar 
made  at  this  temperature  contains  a  much 
higher  proportion  of  aromatic  hydrocarbons 
than  that  made  at  the  hnvcr  temperature, 
and  it  is  possible  to  obtain  nearly  a  gallon  of 
toluene  per  ton  of  coal  distilled  by  recovery 
from  both  the  tar  and  gas. 

At  the  temperature  used  in  practice  at  the 
present  time  for  the  manufacture  of  both 
coal  gas  and  metallurgical  coke,  which  is  as 
high  as  the  materials  of  which  the  retorts  and 
ovens  are  constructed  will  stand,  the  aromatic 
hydrocarbons  are  largely  destroyed  or  con- 
verted into  naphthalene,  and  a  third  of  a  gal- 
lon of  toluene  is  all  that  can  be  obtained 
from  the  tar  and  gas  yielded  by  a  ton  of  coal. 

Toluene,  to  be  used  for  the  manufacture  of 
trinitrotoluene,  should  be  a  clear  water-white 
liquid,  free  from  any  suspended  solid  matter, 
and  having  a  specific  gravity  of  not  less  than 
0.868  or  more  than  0.870  at  15.5  deg.  C.  Its 
boiling  point  must  approximate  closely  to  no 
deg.  C,  and  90  cc.  shaken  with  10  cc.  of  90 
per  cent,  sulphuric  acid  for  five  minutes  should 
give  only  a  slight  colour  in  the  acid  layer 
after  settling. 

Trinitrotoluene. 

The  preparation  of  trinitrotoluene  is  car- 
ried out  in  three  distinct  stages,  the  toluene 
being  converted  first  into  the  mono-nitro  com- 
pound, which  is  then  further  treated  with 
nitric  acid  at  a  slightly  increased  temperature 
to  convert  it  into  the  dinitrotoluene,  this  be- 
ing finally  nitrated  in  sulphuric  acid  solution 
with    strong   nitric   acid   to   trinitrotoluene. 

On  a  large  scale,  trinitrotoluene  is  manu- 
factured commercially  from  the  orthoni- 
trotoluene  by  a  sulphonating  process  of  the 
same    character    as    that    used    in    the    manu- 


facture 6f  picric  acid,  and  the  crude  cry*talft 
obtaineff  in  the  final  nitration  arc  [>•■"•-•  by 
solution    in    alcohol,    filtration,   and  A' 

lisation,  the  crystals  InrinK  freed  from  alcohol 
in  a  centrifugal   t       '         and  air-dried 

Trinitrotoluene  pure    ha»    no*  odour 

and  is  a  yellowish  crystalline  powder,  which 
darkens  slightly  on  keeping  and  has  a  melting 
point  of  81.5  deg.  C. ;  the  presence  in  it,  how- 
ever, of  isomers  lowers  its  mclting-iKjtnt  to 
79  deg.  C.  It  is  perfectly  stable  and  unaf- 
fected  by  contact  with  metals,  forming  no 
compounrls  with  them  even  in  the  presence  of 
moisture.  It  cannot  be  exploded  by  flame  or 
strong  pcrcassion,  and  a  rifle  bullet  may  be 
fired  through  it  without  any  effect  on  the >niasa. 
When  heated  to  180  deg.  C.  it  ignites  and 
burns  with  a  heavy  black  smoke;  hut  when 
detonated  by  a  mercuric  fulminate  detonator 
the  explosion  is  of  great  violence,  and  gives 
the  heavy  black  smoke  which  has  been  such 
a  characteristic  of  the  high-explosive  shells 
used  in  the  present  war.  Even  when  detonat- 
ed under  water,  as  has  been  the  case  on  sever- 
al occasions  with  bombs  aimed  by  aviators  at 
vessels,  a  column  of  black  smoke  is  thrown 
up  above  the  surface  of  the  water. 

BLACK    SMOKE. 

The  formation  of  these  volumes  of  black 
smoke  on  detonation  of  the  T.X.T.  has  given 
rise  to  the  names  given  to  shells  containg  this 
explosive  of  "Black  Marias."  "Coal  boxes." 
and  "Jack  Johnsons."  and  the  fact  that  this 
cloud  of  carbonaceous  matter  is  produced 
shows  conclusively  that  the  oxygen  contained 
in  the  nitryl  radical  present  in  the  explosive 
is  insufficient  for  its  complete  combustion.  An 
excellent  explosive  used  during  the  Balkan 
War.  and  now  largely  employed  by  the  Aus- 
trians  and  Russians,  is  known  as  ammonal,  in 
which  12  to  15  per  cent,  of  T.N.T.  is  mixed 
with  an  oxidising  compound,  ammonium  ni- 
trate, a  little  aluminium  powder,  and  a  trace  of 
charcoal.  This  mixture  gives  even  better  re- 
sults than  the  T.N.T.  alone,  and  its  only  draw- 
back is  the  hygroscopic  character  of  the  am- 
monium nitrate,  which  necessitates  the  mater- 
ial being  made  up  in  air-tight  cartridges.  It 
forms,  however,  a  most  effective  bursting 
charge,  and  although  the  rate  of  detonation 
of  the  trinitrotoluene  is  reduced  by  the  admix- 
ture of  the  oxidising  compounds,  the  shatter- 
ing effect  is  even  more  destructive  than  when 
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the  explosive  is  used  alone,  as  the  pieces  of 
shell  scattered  are  larger  in  size. 

An  improved  form  of  this  explosive  is  being 
made  on  a  large  scale  in  England  for  use  by 
the  Allies,  and  renders  the  supply  of  high  ex- 
plosives  for   shells   perfectly  adequate. 

Touluene  is  also  being  produced  syntheti- 
cally from  other  hydrocarbons  by  the  action 
of  heat  and  pressure,  and  it  is  safe  to  say  that 
any  requirements  for  toluene  to  nitrate  can  be 
amply  met. 

Under  the  influence  of  nitration  other  con- 
stituents of  tar  are  converted  into  effective 
explosives,  dinitro-benzol  being  the  basis  of 
such  mining  explosives  as  "Roburite"  and 
"Bellite,"  whilst  trinitrocresol  has  been  used 
largely  in  place  of  picric  acid  under  the  name 
of  "Ecrasite,"  but  it  shares  with  picric  acid 
the  drawbacks  of  forming  more  sensitive  com- 
pounds with  bases,  and  of  having  an  acid  re- 
action. 

Probably  the  most  powerful  explosive 
known  is  made  from  benzene  by  converting  it 
into  anilin,  and  by  nitration  making  this  into 
tetranito-anilin,  an  explosive  of  which  a  great 
deal  more  will  be  heard,  whilst  another  de- 
rivative, tetranitromethylanilin,  known  as 
■'tetryl,"  is  being  used  largely  for  detonators 
in   place   of   mercuric   fulminate. 


PROPER    REQULATINQ   OF    AIR  PREVENTS 
CLOQQINQ  OF   PNEUMATIC  MIXERS 

BY   H.   A.  LEEUW. 

Proper  application  of  an  ample  supply  of 
compressed  air  has  overcome  clogging  in  the 
conveying  pipe  in  placing  concrete  by  the 
pneumatic  method.  This  clogging  has  been 
the  most  serious  drawback  to  the  use  of  this 
method  of  mixing  and  placing  concrete,  which 
has  developed  until  concrete  has  been  placed 
at  a  distance  of  2,800  ft.  at  the  Mile  Rock  tun- 
nel in  San  Francisco,  and  raised  to  a  height  of 
60  ft.  in  building  piers  for  a  bridge  at  Mag- 
nolia, W.  Va. 

Owing  to  the  way  in  which  different  aggre- 
gates behave  in  feeding  into  the  conveying 
pipe,  the  air  has  to  be  supplied  differently  for 
stone  and  gravel.  The  illustration  shows  a 
cross-section  of  the  mixer  and  inlet  pipes, 
which  are  designated  by  X  and  Y.  To  illus- 
trate the  above  statement,  when  gravel  is 
used,  it  has  been   found  that  it  was  necessary 


AIR   VALVES   ON    CONCRETE    MIXER. 

to  admit  air  only  through  the  inlet  marked  Y^ 
as  an  application  through  both  would  cause 
the  material  to  feed  too  fast  into  the  convey- 
ing pipe,  and  would  result  in  a  clogged  pipe. 
When  stone  is  used,  however,  it  is  necessary 
to  apply  the  air  through  both  inlets.  If  only 
the  inlet  Y  is  used,  the  material  will  arch  and 
then  suddenly  fall  down  to  the  discharge  pipe, 
causing  it  to  clog. 

It  is  very  important  to  have  a  sufficient  vol- 
ume of  air  to  carry  the  concrete  through  the 
delivery  pipe  to  the  forms.  When  this  has  not 
been  properly  taken  care  of,  the  concrete  will 
drop  in  the  delivery  pipe  and  the  next  batch 
will  stick  on  this  and  clog  the  pipe.  The  ten- 
dency has  been  to  under-estimate  the  number 
of  cubic  feet  of  free  air  per  minute  required, 
as  till  lately  there  has  been  little  information 
available  on  this  subject.    The  following  table 

Cubic  Yards  of  Concrete  Per  Hour,  Mixer 
Capacity  Va  Cu.  Yd. 


Actual  amount 

Length  of  Horizontal  Discharge 

of  compressed 
air  requ.rea. 

A 

100 

300 

400 

600 

800      1000 

Cu.  ft.  of  free 

Lin. 

Lin. 

Lin. 

Lin. 

Lin.    Lin. 

air  per  minute 

Ft. 

Ft. 

Ft. 

Ft. 

Ft.       Ft. 

600 

20 

15 

10 

800 

30 

20 

18 

12 

6 

1200 

40 

30 

2o 

20 

12          8 

shows  the  result  of  three  years  of  study  and 
practical  experience.  Present  satisfactory  in- 
stallations are  proving  the  correctness  of  these 
figures. 

It  has  been  found  that  the  character  of  the 
sand  plays  a  more  important  part,  with  refer- 
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cncc  to  the  sixrd  with  which  the  mixture  is 
carried  throuKli  the  pipe,  than  docs  that  of  the 
stone  or  gravel.  A  sliarp,  clean  sand  will  re- 
quire less  air  to  move  concrete  mixed  with  it 


W^df^ 


a  correspondiiiK  decrease  in  Ialx.»r.  The  usual 
lahor  crew  consists  of  six  men  for  an  outfit 
which  is  placing  concrete  at  the  rate  of  loo  cu. 
yd    in  a  lo-hr.  day. — Engineering  Record. 
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AUTOMATIC     MINE     VENTILATING     DOORS. 


than  one  in  which  the  percentage  of  loam  or 
oxide  of  iron  is  high. 

It  has  also  been  found  that  a  pressure  of 
90  lb.  per  square  inch  gives  the  best  results. 
This  pressure,  expanding  into  a  6  or  8-in.  pipe, 
depending  on  the  size  of  stone  or  gravel  used, 
is  reduced  to  a  pressure  averaging  about  25  lb. 

HOSE    AT    DELIVERY    END    REDUCES    KICK 

This  high  pressure  has  presented  an  obstacle 
to  be  overcome,  as  the  delivery  end  must  be 
securely  fastened  to  take  care  of  the  kick  re- 
sulting from  this  pressure.  After  considera- 
ble experimenting,  it  has  been  found  that  a 
hose,  the  lining  of  which  is  made  of  pure  rub- 
ber to  withstand  the  wear,  and  reinforced  to 
take  care  of  the  thrust,  when  connected  a 
short  distance  from  the  delivery  end,  acts  as 
a  shock-absorber,  and  allows  the  discharge  end 
to  be  handled,  so  that  the  concrete  is  not  all 
'deposited  in  one  place,  but  may  be  distributed 
in  even  layers.  The  mixture  of  the  concrete 
placed  in  this  way  has  been  found  to  be  as 
perfect  as  that  delivered  by  any  of  the  me- 
chanical mixers  on  the  market.  When,  how- 
ever, the  volume  of  compressed  air  falls  be- 
low the  amount  required,  as  shown  in  the  table 
the  mixture  shows  a  tendency  toward  segre- 
gation. 

The  pneumatic  method  is  well  adapted  to 
tunnel  lining,  as  it  is  possible  to  secure  an  in- 
crease of  at  least  50  per  cent,   in   speed  with 


CO.nPRESSED  AIR  AUTOMATICALLY  OPE- 
RATES MINE  VENTILATLNQ  DOORS 

At  Copper  Queen  Mine  the  fan  draws  the 
air  down  the  Gardner  and  Spray  shafts  and 
forces  the  total  quantity  into  the  workings  on 
the  900-level.  Part  of  this  air  goes  dow^n 
to  the  i,ooo-ft.  and  later  comes  up  to  the 
900-ft.,  from  whence  all  the  air  passes  through 
slopes  to  the  800,  700  and  600-ft.  levels,  and 
exhausts  through  abandoned  workings  and  up- 
cast shafts.  On  the  i,00Q-ft.  level  the  pres- 
sure is  built  up  by  the  use  of  automatic  doors. 
These  doors  not  only  hold  the  pressure,  but 
also  allow  the  air  to  circulate  freely  on  the 
i,ooo-ft.  level.  The  usual  speed  of  motor 
trains  passing  through  these  doors  is  about 
7  miles  an  hour.  The  doors  are  350  ft.  apart. 
The  arrangement  for  automatically  opening 
the  door  is  shown  in  illustration. 

When  the  motor  comes  in  the  direction  of 
C  to  D,  the  motorman  reaches  out  and  moves 
the  lever  C  in  the  direction  the  motor  is 
going.  This  opens  the  3-way  valve  B.  admits 
compressed  air  into  the  cylinder  A  and  opens 
the  door.  When  the  train  has  passed  through 
the  door  the  motorman  throws  the  lever  D, 
which  releases  the  compressed  air  and  the 
door  closes,  assisted  by  the  weights  E  and  F. 
The  valve  G  controls  the  speed  of  opening 
and  closing  of  the  door.  The  wires  between 
C  and  D  are  crossed  so  that  the  levers  are 
alwavs   moved   in   the   direction   the   motor   is 
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going  in  opening  and  closing  the  door.  The 
distance  between  lever  C  and  the  door  is  70 
ft.,  which  allows  ample  time  for  the  door  to 
open  when  the  motor  is  coming  at  an  ordinary 
rate.  The  distance  between  D  and  the  door 
is  175  ft.  This  makes  it  possible  for  a  trip 
of  cars  to  be  in  front  of  the  motor  on  the 
return  and  at  the  same  time  allow  the  door  to 
be  opened.  The  cost  of  upkeep  is  small  and 
the  entire  equipment  only  requires  the  amount 
of  attention  usually  given  to  any  machine. — 
Mill,  and  Eng.  World. 


ANEROID  BAROMETERS  FOR  AVIATORS 

BY  P.  RICHARD  JAMESON,  F.   R.  MET.   SOC,  F.  R.  S.  A. 

Ordinar}^  aneroids  provided  with  altitude 
scales  such  as  tourists  carr}'  have  been  often 
used  to  determine  the  height  of  a  flight.  Need- 
less to  say,  their  results  will  not  bear  critical 
investigation,  for  these  particular  tj-pes  are  not 
adapted  for  work  where  rapid  changes  in  at- 
mospheric pressure  take  place. 

Again,  the  construction  of  their  dials  is  of  a 
character  that  may  cause  many  people  to  un- 
knowingly use  them  incorrectly.  A  climb  of 
hundreds  of  feet  a  minute  of  which  certain 
aircraft  are  capable  demands  a  differently 
constructed  barometric  mechanism  than  does 
a  flight  which  consumes  two  or  three  hours 
in  attaining  the  same  elevation. 

Altitude  barometers  are  operated  by  a  dia- 
phragm opening  or  closing  as  changes  in  the 
weight  of  the  air  occur.  There  is  a  certain 
"lag"  on  all  aneroid  barometers,  and  it  is  im- 
possible to  absolutely  eliminate  it.  The  metal 
used  in  the  diaphragm  is  of  a  very  very  fine 
gauge.  In  delicate  instruments  it  is  around 
0.004  inches  in  thickness.  This  is  corrugated 
and  is  circular  in  form,  so  that  the  corruga- 
tions offer  elasticity.  This  diaphragm  solder- 
ed around  its  edge  appears  as  a  small  box. 
The  air  can  now  be  exhausted  from  it.  It 
naturally  collapses,  but  a  strong  spring  is  fit- 
ted above  it  which  draws  it  open  again,  keep- 
ing it  in  balance  with  the  air.  Any  greater  air 
pressure  closes  it,  while  a  lesser  air  pressure 
enables  the  spring  to  open  it  more.  This 
creates  an  up  and  down  motion  as  the  mechan- 
ism is  taken  to  different  air  levels.  By  means 
of  a  series  of  levers  this  motion  is  transmitted 
to  the  dial.  It  is  a  well  known  fact  that 
all  altitude  aneroid  barometers  need  "re- 
covery" after  an  ascent,  for  the  hand  will 
not   often    return   immediately  to   its   starting 


point,  but  will  sometimes  "recover"  consider- 
ably in  a  few  minutes,  full  recovery  taking 
some  hours,  more  often  a  day. 

This  is  due  to  the  "stress  of  metal"  in  the 
diaphragm ;  it  is  elastic,  but  has  opened  so 
rapidly  that  it  has  become  somewhat  strained 
and  on  its  return  to  a  low  level  remains 
"stretched"  for  some  time,  the  amount  differ- 
ing in  all   instruments. 

It  is  obviously  necessary  therefore  to  use 
an  altitude  instrument  whose  diaphragm  is 
adjusted  in  such  a  manner  that  the  maximum 
of  "stretch"  or  "stress"  has  been  removed 
by  mechanical  or  other  methods. 

I  have  used  altitude  aneroids  a  great  deal 
and  have  had  considerable  experience  with 
them  for  the  past  twelve  years  and  know  this 
"stretch"  and  "rest"  process  to  be  a  fact,  and 
also  that  it  varies  with  the  instrument. 

[In  this  connection  the  effect  of  changes  of 
temperature,  and  the  time  required  for  equali- 
zation after  such  changes,  should  not  be  for- 
gotten.—£d.  C.  A.  M.] 

In  ascents  on  Mount  Cook,  New  Zealand, 
to  elevations  exceeding  10,500  feet ;  in  the 
Himalayan  Mountains  in  India  to  elevations 
exceeding  7,000  feet,  both  places  showing  ex- 
tremes of  temperature,  I  have  found  my  or- 
dinary pocket  (3-inch)  altitude  barometer 
checked  up  very  correctly,  for  no  other  reason 
than  because  it  is  a  good  instrument  and  be- 
cause the  ascents  were  slow  and  the  "re- 
covery" process  did  not  occur,  or  else  was 
taken  care  of  in  the  course  of  the  naturally 
slow  ascent  and  descent.  In  returning  to  any 
base  it  has  invariably  checked  up  accuriately 
with    standard   instruments. 

When  used  in  an  aeroplane  it  shows  a  con- 
siderable deviation  from  standard  readings 
when  it  is  brought  to  1  low  level,  proving 
that  it  suffers  as  all  altitude  instruments  from 
"stretch,"  but  after  a  "rest"  it  completely  re- 
covers  itself. 

Special  "aeroplane  barometers"  are  con- 
structed in  some  way  to  offset  a  great  deal 
of  this  bothersome  "stretch"  and  as  a  con- 
sequence they  return  to,  or  nearly  to,  their 
zeroes.  I  have  in  my  possession  a  4-inch  in- 
strument by  Short  &  Mason,  London,  reading 
upwards  to  7,000  feet,  certified  at  the  National 
Physical  Laboratory,  showing  a  maximum 
error  of  but  50  feet.  It  possesses  only  an 
equally  divided  altitude  scale,  which  is  really 
the   one   in    which   a   pilot  or   observer   is   in 
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tercstc'cl.  As  this  scale  is  made  to  revolve, 
the  indicator  can  always  he-  adjusted  so  that 
it  starts  its  indications  from  the  "O"  feet 
reading. 

This  is  impossible  without  error  on  the 
smaller  size  aneroids  or  types  constructed  for 
tourists  to  carry  in  the  pocket,  as  their  scales 
are  une(|ual  in  division,  and  are  correct  only 
when  the  "O"  feet  of  the  altitude  scale  or  the 
"31"  inch  mark  on  the  pressure  scale  are  coin- 
cident. Should  the  scale  be  moved  from  this 
point  the  error  is  against  the  aviator  going  in 
for  "altitude,"  as  the  results  indicated  by  the 
aneroid  are  less  than  the  actual  results  at- 
tained by  the  machine.  If  the  scaling  on  an 
instrument  of  this  type  be  carefully  examined  it 
will  be  found  to  contract  considerably  in  dis- 
tance towards  the  end,  so  if  the  start  of  it  or 
the  "O"  feet  be  moved  from  the  correct  point 
(which  is  "31"  inches  on  the  pressure  scale) 
the  value  of  it  is  all  thrown  off;  that  is,  the 
indicating  hand  will  be  working  in  a  part  of 
the  scale  which  should  be  more  contracted  in 
its  divisions  or  vice  versa. 

Recording  altitude  barometers  are  being 
slowly  but  surely  perfected.  The  manufactur- 
ers abroad  are  constructing  on  the  experiences 
of  aviators  over  there.  The  idea  of  a  small 
cramped  miniature  article  is  sliding  into  obliv- 
ion, for  those  in  a  position  to  know  realize 
that  such  instruments  are  useless.  The  Navy 
Department  has  in  use  instruments  measuring 
about  six  inches  in  length  and  which  record 
on  a  six-hour  clock-drum  to  altitudes  of  8,- 
000  feet.  They  weigh  but  two  pounds,  which 
admits  of  a  mechanism  tiiat  can  be  depended 
upon  for  accuracy  and  stability  and  that  will 
not  "vibrate  to  pieces."  As  the  length  of  the 
paper  chart  is  about  8^  inches,  the  detail  of 
the  record  can  be  studied  witli  ease. 

The  test  for  indicating  and  recording  ane- 
roids is  the  same.  The  instrument  is  placed 
under  a  glass  receiver  in  connection  with  a 
standard  mercurial  barometer.  Before  start- 
ing the  test  the  instrument  is  made  to  agjee 
with  the  mercury  barometer  as  regards  its 
reading. 

The  air  is  exhausted  from  the  receiver,  and 
due  to  the  lessening  pressure  the  aneroid 
mechanism  operates,  and  the  hand  indicates  at 
some  point  on  the  dial  or  chart.  The  mercury 
barometer  changes  also  and  gives  the  correct 
reading.     If   the  aneroid  under  test  does  not 


agree  with  the  mercury  barometer  a  note  tft 
made  of  it  and  further  tests  carried  on 

(Jn  getting  the  an*--     '      *        - 
certain  parts  of  its  1  : 

to  overcome  the  errors  indicated  under  test, 
and  it  then  again  has  to  be  tested.  These  tests 
are  carried  on  until  both  instruments  agree. 

In  my  experience  I  have  come  to  the  condu- 
sion  that  altitude  instruments  of  all  styles 
should  be  considered  in  the  larger  diameters. 
for,  not  only  arc  they  more  accurate,  but  on 
account  of  the  greater  size  all  the  adjustments, 
fittings,  and  delicate  working  parts  can  be 
made  of  length  which  admits  of  correct  rating 
and  allows  the  production  of  an  instrument 
the  results  of  which  need  never  be  criticized. 


AIR  LIFTS  UNWATER  A  .WINE 

Air  lifts  were  used  at  the  mine  of  the  Old 
Dominion  Copper  Mining  &  Smelting  Co.  at 
Globe,  Arizona,  in  a  recent  emergency,  when 
water  flow  increased  on  the  upper  levels  of 
the  mine  and  got  beyond  the  pumping  capacity 
of  the  plant.  .\  lo-in.  air  lift  raising  the 
water  200  ft.  (exclusive  of  friction),  using  air 
at  90  to  95  lbs.  pressure  at  the  power  plant, 
required  the  following  amount  of  air  ( meas- 
ured by  flow  meter)  at  a  barometric  pressure 
of  about  2"]  ins.  of  mercury. 

Gals.  Water  Cu.  Ft.  Free  Air  Cu.  Ft  Free  Air 

per  Minute.  per  Minute.  per  1,000  Gal. 

i.oii  1.353  1.338 

1,680  1.809  1.080 

1.794  2.262  1. 261 

1.925  2.658  1.375 

1.065  3.219  1.638 

Anotiier  lift  raising  water  431  ft.  exclusive 
of   friction  gave  the  following  results: 

Gals.  Water    Cu,  Ft.  Free  .Air  Cu.  Ft.  Free  Air 

per  Minute.  per  Minute.  per  i. 000  Gal. 

1. 1 22  3,051  2.718 

1.233  3.306)  2''i^\^ 

1,233  3.484(3.395  -  ^-5  \  2.753 

1,291  3.832)  2.968) 

1 .29 1  3.9 19  \  3.875  3.035  \  3.002 

1.325  4.089  3.086 

In  these  tests,  which  were  kept  up  from  i  to 
2  hours  each,  the  measurements  of  air  were 
taken  with  a  General  Electric  Co.  air-flow 
recording  meter  installed  carefully  and  checked 
after  test  according  to  instructions  furnished 
by  the  makers:  the  results  are  probably  cor- 
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rect  within  5%.  The  measurements  on  water 
were  obtained  by  taking  the  reduction  of  speed 
of  the  pumps  when  air  lift  was  working  and 
the  water  level  in  sump  kept  constant  and  a 
volumetric  efficiency  of  90%  assumed  for  the 
pumps.  All  pumps  were  equipped  with  revolu- 
tion counters.  The  average  speed  of  the 
pumps  was  recorded  before  and  after  the  air 
test  to  insure  that  the  water  flow  had  not 
changed  in  the  mine.  The  quantities  of  water 
are  very  nearly  correct.  The  above  figures  are 
not  given  as  absolute,  but  only  to  give  a 
rough  idea  of  what  can  be  done  with  an  air 
lift.  In  both  cases  the  submergence  was  about 
190  ft. 

[The  above,  which  we  reproduce  from 
Mining  and  Engineering  World,  is  of  value  as 
embodying  a  reliable  statement  of  actual  re- 
sults secured  by  the  use  of  the  air  lift,  which 
more  than  most  devices  requires  the  sugges- 
tions which  experience  alone  can  give.  It  will 
of  course  be  understood  that  this  was  an  emer- 
gency installation  and  that  the  best  conditions 
for  economical  operation  could  not  be  in- 
sisted on.  For  instance,  it  will  be  noted  that 
the  actual  submergence,  190  ft.,  was  the  same 
in  both  cases,  this  being  about  49  per  cent, 
where  the  lift  was  200  ft.  and  only  30  per  cent, 
for  the  higher  lift.  If  the  submergence  in 
the  first  case  had  been,  say,  55  per  cent,  and  in 
the  latter  case  45  per  cent.,  the  proportional 
air   consumption   should   have   been   less.] 


The  two  national  forests  of  Alaska  contain 
about  78,000,000,000  ft.  of  merchantable  tim- 
ber and  it  is  estimated  by  the  Forest  Service 
that  800,000,000  ft.  could  be  cut  every  year 
forever  without  lessening  the  forests'  pro- 
<iuctivity. 


It  might  easily  be  supposed  that  disease 
^erms  are  comparatively  modern,  the  diseases 
themselves  having  been  developed  by  the  con- 
ditions that  have  obtained  since  man  appeared 
on  the  earth.  Dr.  Charles  D.  Walcott,  sec- 
retary of  the  Smithsonian  Institution,  has  dis- 
covered fossil  bacteria  in  very  ancient  lime- 
stone from  Gallatin  county,  Mont.  They  are 
20,000,000  or  30,000,000  years  old  and  consist 
of  individual  cells  and  apparent  chains  of 
cells  which  correspond  in  appearance  with  the 
•micrococci  of  to-day. 


THE  DRILLS. 

By   Berton    Braley. 
Hear  the  clamor  of   the  drills 
As   they  bark, 

As  they  batter  the  foundations 
Of  the  everlasting  hills 

In  the   dimly  lighted  dark, 

And  the  loud   reverberations 
Fill  the  murky  stopes  with   sound. 
Waking  echoes  underground! 
Oh,   there's   music  to  the   drills, 

And  it  thrills, 
For  the  clamor  as  they  hammer 

And  they  batter  on  the  rock 
Is   a   song  of  brave   endeavor 

And   of   hope   and  progress  too. 
For  the   drills   are   drilling  ever, 

Making  dreams  come  true! 
Hear   the   ringing,    swinging   measure 

Of    the    drills 
As  they  dig  for  buried  treasure 

Underneath  the   mighty  hills ; 
How  they  shout  in  joyous  mirth 
In  the  caverns  of  the  earth! 

How  they  clatter   as   they  shatter 

All  the  locks  that  guard  the  ore. 
And  their  song  grows  ever  louder 

As  they  bore,  bore,  bore, 
Making  ready  for  the  powder 

Which  shall  wrench  the  rocks  asunder 
With  a  sound  of  muffled  thunder. 

With  a  deep  and  mighty  roar. 

In  the  deepest  nooks   and  niches 

Go  the  drills. 
Reaching  for  the  hidden  riches 

And  the  buried  wealth  that  fills 
Nature's  treasure  houses   deep. 
So  the   gold   that  misers   heap. 
And  the  silver  and  the  lead 
And  the  copper  rich  and  red — 
They  are  all  the  fruit  of  toiling 

Of  the  drills; 
They  are  plunder  from  the  spoiling 

Of  the  hills; 

So  the  heart  of  man  beats   faster 

And  his  every  fiber  thrills 
To  the  song  that  makes  him  master 

Of  the  treasure  of  the  hills. 
To  the  yammer  and  the  hammer 
And  the  wild  barbaric  clamor 
And  the  unrelenting  war   song 
Of   the   drills. 

Eng.   and  Min.  Journal. 
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JUST  TO  HntPTHE  NAVY 

There  Ik-  many  thtiiKs  which  all  of  us.  and 
each  individually,  wcjuld  have  quite  diflfcrcnt 
if  wc  could,  but  wc  have  to  take  things  as 
they  arc.  Circumstances  not  of  our  making 
arc  crowding  us  as  a  nation  and  compelling 
sharp  outlooking  as  to  what  may  be  before 
us.  Violence  and  destruction  are  rampant 
and  the  thoughts  of  all  true  citizens  in  these 
times  of  unparalleled  perplexity  are  neces- 
sarily turned  to  the  nation's  good  right  arm 
for  the  maintenance  of  its  international  status 
and  for  its  sure  defence  if  need  be.  We 
cannot  think  of  ourselves  alone,  but  must 
remember  also  our  reciprocal  duties  in  the 
brotherhood  of  nations,  and  for  the  fulfil- 
ment of  these  strength  and  armed  equipment 
would   seem   to  be  essential. 

Events  unparalleled  in  history  have  been 
showing  the  world  what  a  great  navy  might 
have  done  in  the  way  of  world  wide  devas- 
tation, and  what  a  greater,  stronger  navy 
could  do  to  circumvent  it.  Plans  of  world 
sweeping  conquest  were  never  so  suddenly 
and   so   completely  extinguished. 

Geographical  conditions,  in  view  of  the 
great  outbreaking,  urgently  suggest  to  us  that 
an  efficient  navy  is  our  supreme  national  need, 
and  this  being  conceded,  for  it  is  not  our 
task  to  argue  it,  all  practical  means  for  de- 
vising and  providing  such  an  equipment 
should  be  diligently  sought  and  honestly  wel- 
comed when  found.  The  newly  constituted 
Naval  Consulting  Board,  and  entirely  regard- 
less here  of  what  it  may  ultimately  accom- 
plish, would  seem  at  least  to  have  common 
sense  for  its  voucher.  It  may  be  assumed,  if 
one  be  sufficiently  optimistic,  that  in  all  essen- 
tials except  magnitude,  our  existing  navy,  in 
organization,  in  personnel  and  in  presumptive 
efficiency,  is  the  equal  of  any.  but.  even  so. 
nothing  should  be  left  undone  which  could 
contribute  to  its  betterment. 

Perhaps  the  most  striking  thing  in  connec- 
tion with  modern  naval  development  is  the 
rapidity  with  which  ships  and  armament  are 
successively  superseded.  For  at  least  half  a 
century  it  has  happened  continually  that  the 
latest,  most  confidently  heralded  products  of 
the  navy-\'ards  of  the  world  have  in  a  single 
decade  been  regarded  as  obsolete  and  com- 
paratively worthless,  and  the  process  of  ob- 
solence  is  perhaps  more  active  and  potent  to- 
dav  than  ever  l^fore.  and  none  can  tell  what 
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new  and  radical  departure  may  date  from  the 
experiences  of   the  present  raging  wars. 

These  things  being  so,  there  is  call  for 
every  possible  contribution  of  skill  and  expe- 
rience wherever  obtainable  to  guide  in  the  de- 
sign, construction,  equipment  and  manage- 
ment of  the  navy  of  the  future,  and  it  is 
scarcely  to  be  conceived  that  the  group  of 
men  selected  as  the  most  advanced  thinkers 
and  workers  in  their  respective  lines,  with  the 
endorsement  of  individual  success  and  accom- 
plishment, cannot  be  of  practical  service  to 
the  nation  in  this  connection. 

The  fighters  of  renown  have  never  forged 
their  own  weapons.  The  world's  fighting 
equipment  to-day  is  invented  and  manufac- 
tured by  non  combatants,  and  presumption  re- 
mains largely  in  favor  of  the  civilian  as  the 
actual  man  behind  the.  gun.  The  man  who 
handles  the  guns  has  of  course  the  final  say 
as   to   the   weapons   provided. 


COMMITTEES,  NAVAL  CONSULTING   BOARD 
OF  THE  U.  S. 

Chemistry  and  Physics — Chairman,  W.  R. 
Whitney,  Lawrence  Addicks,  L.  H.  Back- 
land,  Jos.  W.  Richards,  M.  B.  Sellers,  A.  G. 
Webster,  R.  S.  Woodward. 

Aeronautics,  including  Aero  Motors — Chair- 
man, Henry  A.  Wise  Wood,  Howard  E.  Cof- 
fin. P.  C.  Hewitt,  Andrew  L.  Riker,  M.  B. 
Sellers,  E.  A.  Sperry,  A.  G.  Webster. 

Internal  Combustion  Motors — Chairman, 
Andrew  L.  Riker,  Howard  E.  Coffin.  M.  B. 
Sellers,    E.    A.    Sperry. 

Electricity — Chairman,  Frank  J.  Sprague. 
Lawrence  Addicks,  William  LeRoy  Emmet, 
P.  C.  Hewitt,  B.  G.  Lamme,  A.  G.  Web.ster. 

Mines  and  Torpedoes — Chairman.  Elmer  A. 
Sperry,  L.  H.  Backland,  M.  R.  Ilutcliison, 
Hudson   Maxim. 

Submarines — Chairman,  William  LeRoy 
Emmet,  A.  M.  Hunt,  M.  R.  Hutchison,  W.  L. 
Saunders.  Frank  J.  Sprague. 

Ordnance  and  Explosives — Chairman,  Hud- 
son Maxim.  L.  H.  Backland,  A.  M.  Hunt.  M. 
R.  Hutchison.  I'rank  J.  Sprague,  A.  G.  Web- 
ster, W.  R.  Whitney.  Henry  A.  Wise  Wood, 
R.   S.   Woodward. 

Wireless  and  Communications — Chairman, 
P.  C  Hewitt,  A.  G.  Webster,  W.  R.  Whitney. 


Transportation' — Chairman,  Benjamin  B.. 
Thayer,  Howard  E.  Coffin,  Alfred  Craven,. 
Spencer  Miller,  A.  L.  Riker,  Thomas  Robins,. 
W.  L.  Saunders,  Henry  A.  Wise  Wood. 

Production,  Organization,  ^Manufacture  and 
Standardization — Chairman,  Howard  E.  Cof- 
fin, Lawrence  Addicks,  William  LeRo}^  Em- 
met, B.  G.  Lamme,  Thomas  Robins,  W.  L. 
Saunders,   Benjamin   B.   Tha\'er. 

Ship  Construction — Chairman,  Frank  J. 
Sprague,  Spencer  Miller,  Jos.  W.  Richards,. 
Henry  A.  Wise  Wood. 

Steam  Engineering  and  Ship  Propulsion — 
Chairman,  Andrew  M.  Hunt,  William  LeRoy 
Emmet,  B.  G.  Lamme,  Jos.  W.  Richards,  M. 
B.   Sellers. 

Life  Saving  Appliances — Chairman,  Spencer 
Miller,   Hudson   Maxim,   Thomas  Robins. 

Aids  to  Navigation — Chairman,  Elmer  A. 
Sperry,  Alfred  Craven,  A.  M.  Hunt,  Henry 
A.  Wise  Wood,  R.  S.  Woodward. 

Food  and  Sanitation — Chairman,  L.  H. 
Backland,  Hudson  Maxim,  Benjamin  B. 
Thayer,  W.  R.  Whitney,  R.   S.  Woodward. 

Public  Works,  Yards  and  Docks — Chair- 
man, Alfred  Craven,  Lawrence  Addicks,  A. 
M.  Hunt,  Spencer  Miller,  Jos.  W.  Richards. 


BRASHEAR   DAY  AT  THE  EXPOSITION 

One  of  the  most  noteworthy  of  the  doings 
at  the  Panama-Pacific  International  Exposition 
was  the  presentation  of  a  special  commemora- 
tive medal  to  Dr.  John  A.  Brashear,  as  Penn- 
sylvania's most  notable  citizen.  We  must  tell 
of  it  all  too  briefly. 

Colonel  A.  G.  Hetherington,  Director  of  Art, 
Pennsylvania  Commission,  presided,  and  in 
opening  the  proceedings  said  in  part : 

We  are  assembled  here  for  the  purpose  of 
honoring  a  Pennsylvanicin.  who  has  l)een  chos- 
en as  one  of  the  most  beloved,  if  not  the  most 
beloved,  of  the  men  of  our  state.  He  comes 
here  representing  nine  millions  of  people.  He 
has  been  honored  all  over  the  world,  but  the 
gewgaws  that  have  been  given  to  him  are 
nothing,  because  he  has,  with  his  great  genius, 
journeyed  throughout  the  Heavens,  with  its 
illimitable  space.  He  has  within  him  the 
heart  of  a  child  and  the  agility  of  a  boy,  both 
physically  and  mentally. 

Frank  S.  Brown,  Director  of  the  Exposition, 
presented  the  medal  to  Dr.  Brashear,  saying 
in  part : 

It  is  my  great  pleasure  and  high  privilege  to 
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welcome  here  to-day  IVnnsylvaiiia's  most  dis- 
tinguished citi/en,  and  to  pay  tribute  to  the 
genius  of  the  man  who  has  made  not  only  his 
own  state,  but  the  nation  illustrions. 

Doctor  Brashear  is  a  man  whom  all  the 
world  honors  for  his  accomplishments  and 
above  all  for  that  sweet  courtesy  and  kindli- 
ness of  heart  that  has  endeared  him  to  his 
friends  and  to  thi'  jH-opK-  of  Pennsylvania. 
When  we  consider  his  accomplishments  and 
how  he  has  made  possible  for  those  of  us  who 
walk  on  this  earth  to  behold  the  wonders  of 
the  Heavens  and  to  get  our  inspiration  from 
the  planets  that  are  moving  through  infmite 
space,  surely  we  can  say  that  to  Doctor  Bras- 
hear  may  be  applied  George  Eliot's  attribute : 
"The  world  is  l)ut  made  better  for  his  pres- 
ence." 

In  behalf  of  the  Board  of  Directors  of  this 
great  Exposition,  it  is  my  high  privilege  to-day 
to  present  to  Doctor  Brashear  this  bronze  med- 
al, typifying  as  it  docs  the  efforts  of  the  human 
race  for  more  than  four  centuries  in  the  de- 
velopment of  the  civilization  on  the  western 
coast,  the  etTorts  of  the  people  of  the  United 
States  in  the  completion  of  the  Panama  Canal 
that  made  possible  the  linking  of  all  the  world 
together,  the  energies  of  the  people  of  San 
Francisco  in  the  rebuilding  of  their  city,  and 
last,  but  not  least,  the  building  of  this  magnifi- 
cent Exposition,  which  commemorates  the 
achievements  of  such  men  as  Doctor  Brashear 
and  the  men  of  the  engineering  profession, 
and  so,  Doctor,  I  ask  that  you  accept  in  behalf 
of  the  President  and  Board  of  Directors  of 
the  Panama- Pacific  International  Exposition 
this  l)ronzc  medal,  carrying  with  it  our  love, 
our  gratitude,  and  our  appreciation  of  what  you 
have  done  for  this  nation. 

Doctor  Brashear,  in  accepting  the  medal, 
said  he  could  not  conceive  why  the  State  of 
Pennsylvania  had  gone  into  the  rolling  mill 
and  selected  a  mechanic  as  its  leading  citizen, 
when  it  had  such  men  as  Russell  ConwcU  and 
John  Wanamaker.     He  contiiuied  : 

I  must,  however,  say  a  few  words  of  appre- 
ciation of  the  very  kindly  address  that  our 
good  friend  has  given  us  in  presenting  me  this 
medal.  His  words  of  praise  are  far  more  than 
I  deserve,  and  far  more  than  I  shall  be  able  to 
acknowdedge  in  my  response. 

What  I  best  love  to  say  is  that,  althougli  we 

may  be  great  engineers,  great  scientific  men  or 

-  women,  but  whatever  we  are,  it  is  our  duty  to 


have  something  else  to  do,  as  our  good  friend 
Mr  Brown  has  said,  for  the  uplift  and  bet- 
terment of  humanity,  and  ihe  man  or  woman 
who  cannot  leave  a  record  of  having  done 
something  of  the  kiud  for  the  world,  has  lived 
in   vain 

"It  may  be  only  a  Klad  gwjd  nw.rrijng 
As  we  pass  along  the  wa; 
But  it  will  leave  a  ray  of  sunshine 
Over  the  livelong  day." 

I  want  everybody  to  go  from  this  place  and 
forget  me.  but  think  fif  the  other  fellow,  whom 
you  can  help  out  of  the  shadow  into  the  sun- 
light of  this  old  world.  You  can  all  do  some- 
thing. There  is  a  greater  accomplishment  than 
that  performed  by  our  good  friend  Brown  and 
his  associates  in  the  construction  of  these 
magnificent  Exposition  buildings— a  greater 
work  than  we  engineers  and  you  officials  have 
done  in  your  calling— a  greater  work  than  the 
building  of  the  Panama  Canal,  which  has  con- 
nected the  two  oceans.  It  is  ours  to  break 
down  the  conditions  that  are  damning  this  old 
world  of  ours  by  war.  l)y  affliction,  by  suffer- 
ing, and  by  death.  You  and  I  can  help  to  do 
it.  everyone  of  us.  Let  us  all.  whether  we  get 
medals  or  not.  do  what  we  can  to  make  this 
old  round  world  run  smoother  on  its  bearings, 
by  pouring  the  oil  of  joy  upon  them  rather 
than  the  spirit  of  heaviness. 


NEW    BOOKS 


Hydraulic  Turbines,  with  a  chapter  on  Cen- 
trifugal Pumps,  by  R.  L.  Dougherty.  Second 
lulition,  revised  and  enlarged.  McGraw-Hill 
Book  Company.  New  York.  200  pages.  t>  by 
9  in.  100  cuts  and  numerous  tables,  $2.00  (net). 

This  book  embodies  lx)th  theoretical  and 
practical  data  bearing  upon  an  important  but 
hiijhly  specialized  industry.  .\  general  idea  is 
given  oi  the  conditions  affecting  turbine  oper- 
ation, the  principles  of  construction  and  opera- 
tion oi  modern  turbines,  the  theory  and  char- 
acteristics of  the  principal  t>-pes,  commercial 
constants,  means  of  selection  of  t>'pe  and  size, 
costs  of  turbine  and  other  water  power  and 
comparisons  with  steam  power.  A  valuable 
chapter  is  added  on  centrifugal  pumps,  with  an 
apjiendix  comprising  full  data  from  numerous 
actual  tests.  There  is  also  a  comprehensive 
series  of  review  questions  and  problems. 
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Bulletin  98.  Report  of  the  Selby  Smelter 
Commission,  by  J.  A.  Holmes,  E.  C.  Franklin 
and  R.  A.  Gould.  1915.  Government  Print- 
ing Office,  Washington.  D.  C.  528  pages,  41 
plates.    14   figures.     Paper  covers  $1.25. 

This  voluminous  publication  embodies  the 
results  of  elaborate  and  protracted  investiga- 
tion. It  describes  in  detail  the  methods  used, 
some  of  them  new,  in  determining  the  con- 
tamination of  the  air  and  the  damage  to  trees, 
crops  and  live  stock  by  the  smoke  and  fume 
from  the  Shelby  Smelter  in  California,  and 
gives  the  conclusions  of  the  Commission  on 
the  methods  used  by  the  smelter  company  to 
prevent  injury. 


SAFETY  IN  STONE  QUARRYING 

The  above  is  the  title  of  a  valuable  paper 
(Technical  Paper  in)  by  Oliver  Bowles,  re- 
cently issued  by  the  Bureau  of  Mines  and 
ready  for  free  distribution.  The  Bureau,  in 
connection  with  its  work  relating  to  the  in- 
crease of  safety  in  the  mineral  industries,  is 
investigating  quarries,  and  quarrying  methods. 
This  paper  describes  the  results  of  an  in- 
vestigation of  safety  conditions  in  stone 
quarrying— more  especially  in  the  quarrying 
of  marble.  Its  purpose  is  to  point  out  the 
chief  causes  of  accidents  in  stone  quarries 
and  to  suggest  preventive  measures  and  de- 
vices. ;Many  of  the  suggestions  are  applicable 
to  all  types  of  rock  excavation,  but  relate 
chiefly  to  marble  quarrying.  Accident  pre- 
vention is  considered  from  three  points  of 
view — safety  in  equipment,  safety  in  quarry- 
ing methods,  and  safety  through  proper  care. 
The  paper  also  describes  methods  of  first  aid 
in  case  of  accident  and  includes  a  list  of 
typical  quarry  accidents  that  have  come  to  the 
writer's  notice. 


COMPRESSED   AIR    AS  A   DETECTOR  OF 
SUBMARINES 

It  will  be  remembered  that  our  issue  for 
March  of  the  present  year  contained  an  illus- 
trated description  of  the  Brasher  Air  Break- 
water, which  employs  submerged  pipes  dis- 
charging compressed  air  up  through  the  water, 
thus  giving  some  elasticity  to  the  waves  and 
robbing  them  of  their  destructive  force  of 
impact.  Mr.  Brasher  now  suggests  another 
possible  application  of  his  device  which  we 
present  in  his  own  words. 

"Compressed  air  used   in    this   way,"   writes 


Mr.  Brasher,  "would  be  the  easiest  and  most 
satisfactory  method  of  detecting  enemy  sub- 
marines that  might  try  to  penetrate  any  of 
our  harbors  or  bases.  If  there  is  a  line  of  per- 
forated pipe  across  the  channel  or  path 
through  which  the  submarine  must  pass,  and 
compressed  air  is  forced  through  the  pipe, 
there  is  an  uninterrupted  line  of  bubbles  show- 
ing on  the  surface  of  the  water.  The  minute 
that  the  submarine  pokes  its  nose  into  this  line 
of  bubbles  there  will  be  a  blank,  smooth  streak 
or  break  in  the  line  of  bubbles  indicating  ex- 
actly the  spot  where  that  submarine  is  crawl- 
ing up  the  channel. 

"I  have  spoken  of  this  to  a  prominent  offi- 
cer of  the  General  Staff,  and  he  agrees  with 
me  that  it  could  be  made  most  valuable.  He 
said  that  as  soon  as  the  position  of  the  sub- 
marine was  thus  pointed  out  it  would  be  a 
comparatively  simple  matter  to  destroy  it,  eith- 
er by  means  of  patrol  boats  or  by  contact 
mines.  There  is  another  feature,  too,  which 
should  be  considered,  and  that  is  that  any 
submarine  commander  would  hesitate  to  send 
his  boat  through  a  continuous  screen  such  as 
would  be  formed  by  air  liberated  in  this  way, 
for  it  might  suggest  any  kind  of  a  trap  di- 
rectly behind  it.  My  adviser  seemed  to  think 
that  it  could  be  very  easily  demonstrated  at 
Fortress  Monroe." 


NOVEL   IMPROVEMENT   IN   STEAM   DRIVEN 
COMPRESSORS 

Present  day  steam  engineering  is  marked  by 
the  wider  use  of  high  pressure  and  superheat- 
ing. This  condition  has  rendered  unsatis- 
factory the  use  of  the  familiar  slide  valve 
gear,  even  of  the  adjustable  cut-ofif  type,  for 
steam  driven  air  compressors.  The  slide  valve 
in  various  forms  has  long  been  standard  on 
air  compressing  units  below  the  sizes  (about 
24"  stroke)  where  the  Corliss  valve  becomes 
commercially  practicable.  At  high  tempera- 
tures the  slide  valve  is  quite  objectionable 
on  account  of  its  tendency  to  warp,  with  con- 
sequent leakage.  There  is  also  increasing 
difficulty  of  lu1)rication  which  results  in  great- 
er wear  and  a  greater  consumption  of  power 
in   driving  the  valve. 

To  provide  a  steam  driven  compressor  which 
will  operate  satisfactorily  with  high  pres- 
sure and  superheat,  as  well  as  at  more  moder- 
ate  pressures,   there   has   been    developed   and 
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perfected  a  Balanced  Piston  Steam  \'alvc 
gear,  which  lias  been  incorporated  in  the 
design  of  the  standard  "Imperial'  Duplex  Air 
Compressors. 

The  use  of  a  balanced  valve  makes  it  pos- 
sible to  control  the  machine  in  the  onl}-  really 
economical  manner — by  automatically  varying 
the  point  of  cut-off  in  the  steam  cylinders. 
This  method  of  regulation  maintains  constant 
speed  for  changing  steam  pressures  and  als^ 
adjusts  the  speed  of  operation  to  the  demand 


for  air.  Steam  is  admitted  to  the  steam 
cylinder  at  full  boiler  pressure,  and  without 
the  wire-drawing  of  a  governor  of  the  throt- 
tling type,  which  means  that  the  machine 
automatically  operates  at  its  highest  efficiency. 
It  is  pointed  out  that  the  higher  the  steam 
pressure  the  greater  the  relative  increase  in 
efficiency. 

With  the  hand-adjusted  cut-off  valves 
usually  set  at  ^i  or  ^4  stroke,  the  steam  econ- 
omy  is  admittedly  poor,  while  with  an  aiito- 


FIG.  2.   VERTIC.VL  CROSS  SECTION. 


7838 


COMPRESSED  AIR  MAGAZINE. 


FIG.    3.       PLAN    IN    SECTION. 


matic  cut-off  regulation  of  wider  range  the 
saving  in  actual  steam  consumption  is  the 
point   most  emphasized  by  the   manufacturer. 

This  piston  valve  is  a  perfectly  balanced 
valve  of  the  telescopic  type.  The  cut-off 
valves  are  right  and  left  hand  threaded  to  a 
cut-off  valve  rod.  Steam  admission  is  through 
the  center  of  the  valve,  the  steam  then  pass- 
ing through  the  valve  ports  to  the  cylinder 
and  then  being  exhausted  by  the  ends  of  the 
valve.  It  is  to  be  noted  that  this  construc- 
tion exposes  the  valve  chest  covers  and  steam 
packings  to  exhaust  pressure  only,  propor- 
tionately reducing  the  liability  of  leakage.  The 
design  and  the  even  distribution  of  metal  in 
the  Imperial  Piston  valve  are  claimed  to 
preclude  any  possibility  of  warping,  and  the 
valve  is  so  balanced  that  friction  is  minimized 
and   lubrication    facilitated. 

The  steam  ports  are  large  and  unsually  di- 
rect. Exceptionally  complete  insulation,  the  sep- 
aration of  the  live  and  the  exhaust  steam  pass- 
ages and  the  fact  that  the  steam  chest  par- 
tially encircles  the  cylinder  contribute  to  the 
steam  economy.  These  points  will  be  readily  ap- 
preciated from  the  sectional  illustration  Fig. 
3.  The  cylinder  and  receiver  lagging  is  cover- 
ed  with   a  sheet  iron  casing  and  that  of  the 


cylinder  heads  with  neatly  fitting  cast  covers. 

The  unique  steam  receiver  is  a  direct  con- 
nection between  high  and  low  pressure  steam 
chests.  The  low  pressure  chest  is  proportion- 
ed to  furnish  additional  capacity  and  is  so 
located  that  the  heat  ordinarily  lost  by  radia- 
tion is  used  in  heating  the  cylinder  and  valve. 
A  special  expansion  joint  prevents  any  pos- 
sibility of  cylinder  alignment  being  impaired. 

The  governor  is  a  speed  and  pressure  reg- 
ulator which  varies  the  cut-off  by  automatical- 
ly rotating  the  cut-off  valve  rod  and  changing 
the  relative  positions  of  the  cut-off  valves. 
It  is  essentially  a  chain  driven  rotary  oil  pump 
which  acts  against  a  weighted  plunger.  The 
variation  in  oil  pressure  due  to  the  changing 
speed  of  the  compressor,  or  the  varying  air 
pressure  through  the  movement  of  the  plung- 
er, changes  the  cut-off  point  in  the  steam 
cylinders. 

This  governor  is  claimed  to  be  entirely  auto- 
matic in  operation  and  capable  of  maintaining 
exceptionally  reliable,  as  well  as  close,  regula- 
tion. 

Lubrication  of  both  air  and  steam  cylinders 
and  valves  is  provided  for  by  force  feed 
oilers. 
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I  lie  ntlicr  fraturcs  of  the  iirw  compress  »r. 
callfd  liy  the  maker  "Imperial"  Type  XI'V, 
are  those  of  tlu-  "Imperials"  now  in  service; 
wholly  ciulosrd  main  frames  containing  the 
reciprocatinj<  i)arts,  automatic  luhrication  hy 
tiic  hath  system  and  the  standard  Imperial 
completely  water  jacketed  air  c  oinpressinvj 
cylinders. 

This  "Imperial"  Type  W'V  C')mpressf)r  is 
a  product  of  the  Injj[ersolI-Rand  C'ompaiiy,  il 
Broadway,  New  York,  and  is  huilt  in  ca- 
pacities from  608  to  3.620  cubic  feet  per 
minute,  and  for  discharge  air  |)rcssurcs  from 
10  to  HO  pounds  per  square  inch. 


NOTRS 

Of  the  fatal  accidents  which  t)ccur  in  Illi- 
nois coal  mines,  one  half  are  caused  hy  falls  of 
roof  and  coal,  and  18  per  cent,  by  pit  cars.  Ex- 
plosions are  responsible  for  only  7  per  cent.  In 
the  different  districts  of  the  State  as  a  whole 
there  are  produced  170,478  tons  of  coal  for 
each  man  killed  and  24,194  tons  for  each  one 
seriously  injured. 


The  curious  action  of  sea  water  upon  steel 
under  certain  conditions  is  exemplified  in  the 
case  of  the  half-a-million-dollar  pleasure 
yacht  Sea  Call  which  after  just  six  weeks  of 
life  on  the  ocean  wave  had  to  be  broken  up 
to  prevent  her  sinking.  It  is  understood  that 
the  plating  was  fastened  to  the  steel  frames 
without  the  interposition  of  zinc,  which  is 
said  to  be  the  successful  practice  in  the  navy. 


In  proportion  to  the  numbers  employed, 
more  men  are  killed  in  the  metal  mines  of  the 
United  States  then  in  the  coal  mines.  In  the 
latter  large  numbers  are  sometimes  killed  at 
once,  while  in  the  metal  mines  single  fatalities 
are  of  more  frequent  occurrence.  For  the 
three  years  1911-1913.  inclusive,  the  annual  av- 
erage of  killed  per  thousand  was  ^.(k)  in  coal 
mines  and  4.08  in  the  various  metal  mines. 


Ordinary  blasting  powder  is  not  affected  by 
the  cold,  but  in  warm  damp  weather  it  is 
liable  to  take  up  moisture  and  thus  lose 
strength.  It  is  made  up  largely  of  nitrate  of 
soda  with  10  to  15  per  cent,  sulphur  and  char- 
coal, and  contains  no  liquid  ingredient.  Or- 
dinary handling  and  shaking  in  transportation 
does  not  affect  it.  It  is  the  nitrate  of  soda 
.that  attracts  the  moisture  in  the  air. 


It  may  be  worth  while  next  April  to  look 

auain  at  thr  follf>win(;  mid  •  r  item-  "The 

fild  time    Indians  of   the   ;..^r*tern   States 

are  prophesying  an  usually  long,  cold  winter. 
I  hey  say  that  the  squirrels  have  already  bc- 
gtni  storing  up  Roods,  the  bark  on  the  trees  is 
thicker  than  or<linariiy,  the  summer  has  lieen 
abnormally  cold  and  wet,  the  migration  of 
birds  started  very  early  anri  numerous  other 
signs  which  according  to  the  al>origines  never 
fail  all  go  to  forecast  a  winter  of  unusual 
severity.'' 


Whtn  fuse  is  so  stiff  and  brittle  as  to  break 
open  in  being  handled,  its  water  resisting 
qualities  are  impaired.  If  fuse  is  allowed  to 
become  too  old  before  it  is  used,  there  is  dan- 
ger that  the  varnishes  will  l)e  dry  and  hard, 
or  that  the  powder  may  become  impaired  by 
age.  although  such  results  are  not  liable  to 
occur  for  several  months,  if  the  fuse  is  prop- 
erly stored.  Guttapercha  fuses  are  the  most 
liable  to  deterioration  for  the  reason  that 
guttapercha,  rubber,  and  other  vegetable  mat- 
ter of  this  nature,  are  subject  to  oxidation 
from   contact   with   air. 


I  Ilium  is  the  name  given  to  a  new  acid-re- 
sisting alloy  worked  out  at  the  University  of 
Illinois,  and  described  by  S.  \V.  Parr  at  the 
recent  convention  of  the  American  Institute  of 
Metals.  Its  composition  is  given  as:  Copper, 
6.42  percent;  Manganese,  0.98;  Silicon,  1.04; 
Tungsten.  J. 13;  Nickel.  60.65;  Aluminum, 
1.09:  Iron.  0.76;  Chromium,  21.07;  Molybde- 
num. 4.67 ;  total  98.S1  per  cent ;  Carbon  and 
Boron  not  determined.  It  is  said  to  be  entirely 
resistant  to  25  per  cent,  nitric  acid.  Its  prop- 
erties are  ascribed  to  a  proper  proportioning  of 
electro-positive  and  negative  metals. 


LATEST   U.  S.   P.ATENTS 

Full  spCiitications  and  lifiizciui^s  of  any  pat- 
cut  may  be  obtaiiwd  by  sending  fire  cents  (not 
stain  ts)  to  the  Commissioner  of  Patents, 
ii'ashincton,  D.  C. 

OCTOBER   5. 

l.ir»5.5.lS.       WINDMILL.      Daniki.    R.     Scholbs. 

Chica.ijo,   111. 

i.ir>:^..->r»o.    process  for  finishing  bread 

AND  THE  LIKE.     ARNOLD  S.  Wahi^  Chicago. 

III. 

:i.  Tho  hert^ln  dosorlbod  proct^ss  of  flnlshlng 
broatl  and  tho  like,  which  consists  In  surrounding 
the  same  while  coolinK.  aftor"  baking,  with  an 
.itmosphore   frro   from  oxygen. 
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4.  Tho    herein    described    process    of    finistiing 

bread  and  the  like,  which  consists  in  surrounding 

the    same    while    cooling,    after    baking,    with    an 

atmosphere  of  carbon   dioxid. 

I,irj5.571.  PNEUMATIC  ACTION  FOR  PLAY- 
ER-PIANOS.    Otto  Higel,  Toronto.  Canada. 

l,l.o5.r,;M.  COMPRESSED-AIR  HYDRAULIC 
PUMP.     Attilio  Mariotti,  Florence,  Italy. 

1,155.620.  AIR-INJECTOR.  Wenzel  Scheick, 
Waterbury.   Conn. 

1,155,622.  PRESSURE-TANK  FOR  VAPOR- 
LAMP  SYSTEMS.     Edward  Seitz.   Peoria.  111. 

1,155.725.  AIR-FEED  FOR  PULVERIZED 
FUEL.     Simon   Henry   Harrison,   Easton,   Pa. 

1,155,750.  TUBE-BLOWER.  Eugene  J.  Mc- 
Carty,  Clinton,  Mass. 


1,155,809.      GLASS-BLOWING   MACHINE.      No- 
ble W.    Hartman,   Toledo,   Ohio. 
1,155  915.         AUTOMATIC       FLUID-PRESSURE 

CUT-OFF.     Martin  L.  Grove,  Tylersburg,  Pa. 
1,155,946.       COMBINED     VACUUM     WASHING 

AND    WRINGING    MACHINE.      Shrewsbury 

B.    Miller,   Fairmont.   W.   Va. 
OCTOBER    1  2 
1,156,056-7-8.  MOLD        MECHANISM        FOR 

GLASS-BLOWING     MACHINES.        BENJAMIN 

Day  Chamberlin,  Corning,  N.   Y. 
1,156,078.      AIR-VENDING  MACHINE.     ARTHUR 

Peart    Holden   and    Robert   James    Copeland, 

Toronto,   Ontario.   Canada. 
1,156,118.     CENTRIFUGAL  FAN.  Robert  Warq, 

Milwaukee,  Wis. 


Pneumatic  Patents  October  12. 
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i.ir.fi.mo.      I'NioiiMATir    skiod    and    ditht 

CONVKVKIl      l-'Oll      COTTON  (J I NH.         rili.AM 

\Vir-i,iH.   Nolih-.  Okl;i. 

i.ir.i;.. ':!.-..      handhold    VAcnirM-CLiCANKii. 

Jamkh    n.    KiitiiV.    (M«'V«'Ian(l.    Ohli>. 

i,ir.t;.i:7s.     \'A(M;iiM-noFiSKSHoK.     Jamkb  m. 

I>()VK.    (MilcuKo.    III. 
I.ir.«;.i577.      'I'1:nnI0MN<5-MACIIINK.      William 
K.   I^KAN.  Sup«rlor,   Wis. 

l.ir.C.COL'.  COMI'AItTMKNT-INI'LATKFl  FOIt 
SHIPS.  Moititis  IvASMKit  imd  Johki'II  U.  Kah- 
8KU.   San    F-'rati Cisco,   Cal. 

i.ir.«;.t;i:{.       cKNTRiKiicAr.     compressor. 

Sanimhd   .\.    Mo.ss,    Lymi.    .Mass. 
l.irit;.f;4t;.       SHOCK-ABSOUm:!:.        Raymond     r. 
VV'ALKKit.    I-'ollansbce,    VV.    \'a. 


m*':inn   fi/r 

a    HiriKl''     •■ 

air    for    cont p.iiiui;    th»     up*  rutlun    or    Uit    motor 

rii'-atiM. 

l.l.-.r./j-l.       M\       ■■ '     -•t:f*AC- 

TI'KK  OK  WtV- 
r.rAM    l{     •' 

l,l.'.«;.'.»7:.  \HE«.  Al/- 

IIKIlT    <  'II 

1.157.131.    .mi:tiiof»  ' 

oy     VAcrr.NT     ci 

William  S^  II. 

Thi-  m»tFio«l  •  fi   In  th-  >u'f»» 

ralor  o'  a  vai  «n- 

.slHt.**  in  .H.allii;;  .ilr 

from  salfl   Hfinunioi.  dlj<c  jiillnuluK  .".aid  •.xluiiwrt- 
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1,150.(560.       method    and    APPARATUS    FOR 
MEASURINO      THE      FLOW      OF       FLUIDS. 
Ernst  J.   Beug,    Schenectady,   N.   Y. 
1.  The  metliod  of  measuring  the  flow  of  steam, 
air  and  other  iliiids,  whicli  comprises  determining 
the  amount  of  energy  required  to  maintain  at  a 
constant    temperature    a    body    upon    which    said 
fluid  exerts  a  cooling  action  as  it  flows. 
1,156.792.       PNEUMATIC      CONTROL     OF      IN- 
FLOWING   WATER    IN    DAMAGED    SHIPS. 
Arthur     Richard     McAvoy,     Collie,     Western 
Australia,    Australia. 


1,156.855. 
Akans. 


George 


FLUID-ACTUATED  MOTOR. 
Atlanta,  Ga. 

1,156,868.      GLASS-BLOWING    MACHINE.   Ver- 
non M.  Dorset,  Laurel  Grove,  Md. 

OCTOBER   t!>. 

1,156.871.     BRAKE-VALVE  DEVICE. 
Airman,   Milwaukee,   Wis. 

1,156,874.       SUCTION-CLEANER.      Edward 
Barnes,  Hastings,   Mich. 

1,156.951.      PNEUMATIC   PIANO-PLAYER.  Eu- 
gene C.  Wamelink,  Cleveland,  Ohio. 

1.  In  a  piano  player,  a  tracker  board,  a  chest,  a 
power  pneumatic  for  each  note,  valve  mechanism 
for    controlling    each     power    pneumatic,     motor 


Burton  S. 
M. 


ing    operation    and    sealing    said  r.-    and 

then  causing  a  series  of  sudden   1:  of  air. 

at  atmospheric  pressure,  to  enter  SiiiU  ar-i^arator 
in  a  direction  opposite  to  that  of  th*^  flow  of  air 
during  said  exliausting  operati  "  :  ro- 

duce  a  series  of  pulsations  of  ks 

within  said  separator  acting  ui- ■;.  .-.n-.  .-^..-.ri.  to 
dislodge  solid  matter  adhering  thereto,  substan- 
tiallv  as  specified. 

1.157.144.  AUTOMATIC       TRAIN-S  VQ 

MECHANISM.      Werner    Beutel.    i  rt, 

1.157.216.  AUTOMATIC  AIR-EXHAUST  FOR 
CENTRIFUGAL  PUMPS.  Carl  E.  Grcnskt. 
San    Francisco.   Cal. 

1.157.241.  LUBRICATING  SYSTEM.  Harrt  C. 
Martin.   F^liiladelphia.   Pa. 

1.157.272.  RESILIENT  WHEEL.  Charlbs  A. 
Whai.e  and  Jamks   H.   Black.   Portland.   Ore^. 

1.157.39S.  PNEUMATIC  ACTION.  Charlm  J. 
Johnson.  Chicago,   111. 

1.157.403-4-5-6.  MOLDING-MACHINE.  Wil- 
fred Lewis.   Philadelphia.   Pa. 

1.1.-.7.41.-.  FLUID  -  POWER  -  TRANSMITTING 
APPARATUS  FOR  VEHICLES.  HoRATIO  N. 
Norton.   Mounf   Vernon.   N.   Y. 

1.157.430.  PNEl'MATIC  TOOL.  Mathsk  W. 
Sherwood.  Franklin.  Pa. 
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1,157.456.  VACUUM-CLEANER.  James  H. 
Taylor,  Tolecio,  Ohio. 

OCTOBER   26. 
1,157.682.     LOADING  APPARATUS  OF  HE.WY 
GUNS.  Arthur  Trevor  Dawson,  Westminster, 
London,  and  James  Horne.  Barrow-in-Furness, 
Eng^ianil. 

1.  In  gun  loading  apparatus  the  combination 
with  the  slide  frame,  the  rammer  actuating  mo- 
tor carried  thereby,  and  the  motor  control  hand 
lever  mounted  on  a  part  of  the  mounting  thai 
does  not  move  in  elevation,  of  a  control  valvo 
carried  by  tlie  slide  irame,  and  pj-essure  fluid 
means  for  actuating  said  valve  from  the  afore- 
said  hand  lev*  r. 

1.157.70:?.  WET  VACUUM-PUMP  OF  THE  RO- 
TARY TYPE.  Maurice  Leblanc.  Val-sur-Seine, 
Croissy.  France. 


erable  external  work  the  unliquefied  gaseous 
residue  of  such  portion  along  with  the  other  por- 
tion ;  and  finally  partially  releasing  from  pressure 
the  liquid  thus  obtained  and  sub-cooling  there- 
with th(>  unrcleasod  li(|uid. 
1,157,998.      AIR-LIFT-PUMP   BOOSTER.    Frank 

S.   Miller.   Indianapolis,   Ind. 

1.  In  combination,  a  closed  chamber,  a  pipe 
leading  Irom  a  well  into  such  chamber  and  open- 
ing into  said  chamber  above  the  liquid  level 
therein,  an  air  jiozzle  in  such  pipe  below  such 
chamber,  a  pipe  leading  from  such  chamber  and 
opening  into  such  chamber  below  the  liquid  level 
therein,  a  downwardly  opening  hood  located  in 
.«!aid  chamber  and  having  its  open  lower  end  be- 
low the  liquid  level  therein,  said  first  named  pipe 
discharging  upwardly  into  said  chamber  and 
said   last   named   pipe   opening   under   said   hood. 


Pneumatic  Patents  October  26. 


1.157,72.3.      APPARATUS    FOR    CONTROLLING 

R.MLWAY-TRAINS.     Joseph  O.  Query,  Som- 

crville.    Mass. 
1,157,859.      OZONE-GENERATOR.      William   O. 

Freet,    Hackensack,    N.   J. 
1,157.922.       WATER-POWER    PLANT.       Elmer 

Hassett,   Shelbyville,   Ind. 

1.  In  a  water  power  plant,  the  combination 
with  a  watf-r  wheel,  of  piu-umatic  pistons  and 
cylinders  for  raising  and  lowering  said  wheel,  a 
pump  for  supplying  compr»  ssfd  air  to  said  pis- 
tons, an  electric  motor  for  driving  said  pump  and 
an  electric  g<  ncrator  frtr  supplying  current  to 
said  motor  driven  from  saifl  wheel. 
1.157,924.         PNEUMATIC       TOOL.         Charles 

f 'hristia.n'se.v.    fJf'lsfnkirchen,    Germanv. 
1,157.954.     AIR-RP:TAINING  VALVE  FOR  AIR- 
BRAKE    APPARATUS.       Spencer    G.     Neal, 

Ixjs   Angeles,   Cal. 
1,157.957.        FLUID-PRESSURE     REGULATOR. 

Arnold  Pfau.   Milwaukf-e.   Wis. 
1,157.959.  ART  OR  I^Or'ESS  OF  LIQUEFYING 

AIR    AND    SIOPARATIXG    TFIE    SAMIO    INTO 

OXYGEN  AND  NITROGEN.    James  F.  Place, 

Glen    Ridgf.   N.   J. 

1.  The  process  of  liquffylng  atmospheric  air, 
which  consists  in  comjtrfssing  the  air,  cooling 
the  same,  and  liquefying  a  part  of  one  portion 
thereof  and  expanding  with  production   of  rfcov- 


and  an  automatic  air  valve  controlling  the  outlet 
of  air  from  and  maintaining  a  pressure  greater 
than  atmospher(>  in  said  chamber. 

1.158.029.  FLUID-PRESSURE  DEVICE.  Chris- 
tian Dantsizen,  Schenectady,  N.  Y. 

1.  The  combination  of  a  cylinder,  a  piston 
therein  arranged  to  be  urged  in  a  given  direction, 
a  conduit  for  deiiverin.g  a  fluid  under  pressure 
to  a  chamber  of  said  cylinder  to  urge  said  pis- 
ton in  the  opposite  direction,  a  conduit  for  dis- 
charging said  fluid,  and  means  for  varying  at 
will  the  ratio  of  delivery  of  said  fluid  with  re- 
spect to  the  discharge  thereby  varying  the  posi- 
tion of  the  piston   in   said   cylinder. 

1.158.030.  CO.MPRESSOR.  Heinrich  Des- 
cfiamps,    Ciiai'lot tcnhuig,    Germanv. 

1,158,067.  PNEUMATIC  ACTION  FOR  PIANO- 
PLAYERS.  Nels  Magnuson,  Fort  Wayne, 
Ind. 

1,158,080.  AIR-PUMP.  John  K.  Stewart,  Chi- 
cago, III. 

1,158,115.  PERCUSSIVE  TOOL  FOR  SCAL- 
INfi  TUP>FS.  Harry  Samuel  Bickerton 
Hrindley.    London,    England. 

1,158,177.  SLACK  TAKE-UP  FOR  FLUID- 
PRICSSURE- BRAKE        SYSTEMS.  George 

(^URiSTKNSo.v,   Jamaica,   N.   Y. 

1,158.228.  PL\MPING  MECHANISM.  Law- 
rence S.  Kaskie,  Rock  Valley,  Iowa. 
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